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AHS'I  K \CT 


I inpirii  al  iiu'tliods  of  prai  tii  al  forcra'-lin^  arc  (lc-i;;ncil  ami  ilc\clii|n  il  for  ii«c  in  the  follouinfi:  the 
prciliclion  of  on  rlo^ciic'i'  in  the  ca'Icrn  portion  of  tlic  I nited  States,  ajipliiahle  to  warm  ivelones  onl\;  the 
prediction  of  track,  speed  and  future  intensitx  for  certain  classes  of  c\ clones  alread'  estahlishecl;  the 
and  trac  k cef  cold  antic  \ c loncs  over  the  entire  I nited  .''tates  and  sonthern  ( anacla;  and  the  2 Idionr  future 
position  of  cold  fronts  over  the  I nited  .''tates  east  of  the  IfcM-kic's. 

( ilassilication  of  eve  lones  has  hecui  made-  accordine  icc  the  direc  ticen  of  pa«t  movement  and  the  direc- 
tion of  the-  up()er  curretits  alcove  the  cvehenes.  (acid  frccnl»  are  divided  inicc  two  cateeories  accordint’  to 
their  ccrienlatioii:  ea-t-vvesi  tvpes  are  further  suhdivided  accccrcline  tcc  the’  .irc'.i  in  which  thev  arc'  IcM'ated. 

\ll  final  forecastine  diaerams  shcew  the  disirihuticcii  of  data  ii'cd  tcc  c cciistruc  t them,  h.ssentiallv  all 
predicticen  methods  have  Iceen  tested  with  independent  data  and  the  rc'idt'  are  shown.  1 aides  showing 
complete  data  are  included  as  a|c|K'ndi\es. 
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In  INTRODUCTION  Siu  tion: 
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No.  Section 

Errata 

15 

1.1  3rd  line 

Delete  "which  also  indicates  location  of  each 
cyclone  in  the  data  sample  for  Category  1 
cyclones.  " 

In  CYCLOGENESIS  Section: 

34 

1 . 5 para.  3 

Change  "Fig.  10"  to"Fig,  13." 

37 

Fig.  15  legend-line 

6 Should  read  "(Fig.  16)  as  zero  unless.  . . " 

50 

4.  line  4 

after  "p.  29"  add  "and  p.  33." 

50 

6. 

Change  "east"  to  read  "E.  S.  T.  " 

50 

1 1 . line  3 

Change  "east'  to  read  "E.  S.  T.  " 

In  CATEGORY  I CYCLONE 

Section: 

51 

1 . 1 1st  para. 

After  "winter  season.  " add  "An  example  of 
this  type  low  is  shown  in  Fig.  1(a)." 

60 

60 

61 

Before  "STAGE  I"  insert  "Fig.  38." 

Before  "STAGE  11"  insert  "Fig.  39-" 

Before  "COMPOSITE  GRAPH"  insert  "Fig.  40. 

61 

Legend 

Delete  "open  circles  with  etc.  " and  change  to 
read  "N  represents  cyclones  which  did  not  fill 

etc."  Delete  "filled  circles  with  etc.  " and 
change  to  read  "numerals  represent  filling 
cyclones  and  number  of  hours  till  filling." 


61  Legend  - Stage  2 Add  "700  mb  AMPLITUDE  - the  maximum 

latitude  difference  of  the  contour  over  the  low 
from  the  ridge  west  to  the  trough  east." 


65 

2.  1st  line 

Delete  "X"  in  the  850  column  and  place  just 
before  "24"  so  as  to  read  . X 24  ." 

70 

Line  5 

Change  "Section  1.34"  to  read  "Section  1.33." 

75 

1st  para,  line  3 

Delete  "and  62  . " 

75 

1st  para,  line  3 

Remove  paren  after  "Fig.  39"  and  place  at  end 
of  sentence. 
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78  Within  box  tliat  besina  "If  curved  anticyclonically  etc.,"  change 

"p.  30  ' to  re.id  "p.  69." 

In  CATEGORY  II  CYCLONES  Section; 


80 

1st  para. 

Change  "Fig.  49"  to  read  "Fig. 

81 

2.43 

Change  "p.  56"  to  read"pp.  58- 

84 

Fig.  54 

Add  (ollowing  legend  to  Figure; 

" ♦ - (ill-to-trough 

O -(ill 

O - no  change 
® - deepen  " 

In  CATEGORY  IV  CYCLONES  Section; 


99 

1 . 5 para . 2 

The  words  "in  Appendix  VI"  should  be 
"on  page  20." 

101 

Fig.  67  Caption 

Words  "Appendix  VI"  should  be  "table  on 
page  20." 

103 

Line  2 o(  text 

Words  "in  Appendix  VI"  should  be  "on  page  20.” 

117 

1.64  Para.  1 

The  words  "in  Appendix  VI"  should  be  "on 
page  118  . " 

In  DISPLACEMENT  OF  SURFACE  COLD  FRONTS  Section; 


134  Work  Sheet  (or 

Category  ONE 
Cold  Front 


Include  as  requirement  three,  criteria  2 
under  "Method,"  page  126. 


142 

142 

151 
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Figure  97 


The  geographical  background,  latitude  and 
longitude  lines  except  (or  the  100th  meridian 
should  not  appear  on  this  '..gure. 


Figure  97  Legend  Add  "The  dashed  lines  connect  double  low  centers. 

Under  "Development"  Step  3 - to  correct  the  height  di((erence  (or 
latitude  re(er  to  latitude  correction  table, 
page  20.  Step.  4 - to  correct  the  height 
dif(erence  (or  latitude  re(er  to  the  latitude 
correction  table,  page  20. 
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Label  4th  column  " 

Label  5th  column  " 

Label  6th  column  "AF700' 


Appendix  VII 
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Label  6th  column  "iiVT  850" 
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I lii'  |).i|HT  prosciil'  till'  rc-iill'  Ilf  rulin'  lull  M'iir-  of  in\<-'ti^iiliiiii  li\  a I'niiip  of  lia'lern  Vir  Ijiicm  mrtpor- 
oli)i;i~ts  iinilcr  ill!'  iliri'i  tiiiM  of  .1.  ,1.  (oori;i'.  Thp-c  invp'li^alioiis  ucrr  |KTforiiicil  imdcr  contract  uitli  ttie 
(d'lipln  sicH  Kci-cari  h I )itci  toralc  of  llic  \ir  I'orcc  < !ainliri<l^c  Kcscari  li  (icnlcr,  \ir  Kcscarch  anil  Dcvclop- 
inciil  ( Niinin.iinl.  ami  ucic  aiincil  .it  pnoiilin^  solution.,  (o  komic  iniportant  prolilciiin  of  »hort-rangc  ueather 
forcca-liii;;.  I lic  ipi.iilcih  prof;rc-"  report' of  tlii'  project  imlicatcil  tliat  practical  and  olijccti\c  holutiona 
ucrc  liciti"  olitaincd.  I lic'C  rc'iilt',  tlioii;;li  in  'oinc  rc'|«'cl'  incomplete  ami  iinrelincd.  uerc  inimediately 
uaeful  to  the  ,'liort -range  forcca.'tcr. 

( >iiK  limited  di'tri  lint  ion  u a«  made  of  the  ipiarterl\  re|M>rti,  and  mm  in  the  demand  for  copicM  far  exceeded 
the  mmilier  a\ailalilc.  I'hi'  pa|M'r  ua'  urittcii  to  ciiii'olidate  and  to  make  the  re.Milt.M  of  the  inveatigationa 
more  gcncralK  availalilc.  It  i'  pidili-hcd,  houcscr.  for  technical  information  onl\  and  doea  not  repreaent 
recommenilatioHM  nor  com  hi>iiiii'  of  the  'poiiMiring  agenc\. 

Ml  'Cl  tiiiM'  of  the  p.ipcr  rcllci  t the  \icu|Miint  of  the  foreca'ter;  all  elementa  of  the  aolutiona  are  eaaily 
inca'iircd  vahic'  aiaihihlc  m am  forci  a'ting  onicc.  Theoretical  conMidcrations  plateil  a part  in  defining  the 
'trategv  of  the  attai  k,  lint  tlic  forcca'ting  rnlc'  given  arc  coin|iletelv  cinpirii  al  and  ucre,  uitliout  exception, 
dictated  h\  the  ihita. 

\ uiilc  v.irictv  of  rnc.i'iircmciit ' or  p.iramcter'  ucre  ii'cd  heiati'e  the  diveri-itv  of  the  forecaating  prob- 
lem' nci  c"itatci|  thi'  'itu.itioii  cM  ii  thniigh  attempt'  ucrc  made  to  C'talili'h  common  tiMila  for  forecaating. 
In  aciorihmrc  uith  the  piolilcni'  of  the  foreca'ter,  all  'cction'  of  the  pa|M’r  deal  liaaicallv  uith  "uinter” 
ueather  over  the  I mted  >t.itc'.  I he  d.ita  'ample'  ucrc  l oiilincd  to  the  montha  of  November  through  March. 
I c't'  have  Mol  liccn  made  to  determine  the  applicahilitv  to  other  month.'  nor  to  other  areas. 

Thi'  p.ipcr  'honid  not  he  i oii'lnicd  aa  a complete  aii'uer  to  the  varimia  progno.atic  problems.  It  is 
liclievcil.  houever,  that  the  forcca-ting  device'  dc'crilM'd  uill  reault  in  a mcaanralile  increase  in  the  accuracy 
of  ahorl-r.mge  ueather  prediction. 
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FORECASTING  RELATIONSHIPS  BETWEEN 
UPPER  LEVEL  FLOW  AND  SURFACE 
METEOROLOGICAL  PROCESSES  * 

INTRom  CTION 


From  its  iiir<‘|i(i<iii,  this  r«'s«-ar<  h has  had  as  its  "oal  thr  in\ csti^'atinti  i>f  ohji-rtivc  forecasting  methods 
necessar\  to  the  |ire|>aration  of  short-range  j(r<ignoscs  of  the  ilominant  meteorological  systems  normally 
found  on  a surface  \«eather  chart.  ith  a \icu  to  later  integration  of  the  methods  into  a standard  pro* 
cedure  for  preparation  of  a short-range  surface  prognostic  i hart,  this  rcsean  h has  Im'cii  separated  into  inde- 
p«‘ndent  s«-ctions:  the  in\estigati<m  of  the  pna'css  of  c\clogenesis;  the  dc\ clojiment  and  movement  of  cy- 
clones; the  movement  of  antii  vclones;  and  the  iH-havior  of  cold  fronts. 

.\t  the  start  of  this  studv.  it  was  apparent  that  there  were  several  hasicallv  ilifferent  t\|M>s  of  cvidones. 
The  differences  were  la'st  resolved  hv  div  iding  the  c \ clones  into  four  categi>rics  dc|M-nding  u[H)n  two  criteria: 
the  past  track  of  the  cell,  and  the  direction  of  the  (|ovi  aloft  over  the  cell.  Different  forecastitig  methoiis 
were  develo((<‘d  for  each  categorv  of  cvcione.  Since  nc.irlv  all  cvciones  dealt  with  in  this  studv  were  warm 
ones,  the  authors  did  not  attempt  to  classifv  cvciones  into  warm  or  cold  tv|M‘s. 


1.1.  C.ATF.GOKV  I CVCi.oNf.S 

Categorv  T cvciones  are  those  that  have  Ihu-ii  moving  from  the  northvvest  ipiadrant  and  are  liN'ated 
beneath  northwest  flow  at  TiHI  nih.  (ienerallv  the  flow  is  <H  curring  in  a hroad  U'lt  with  no  sensible  depar- 
tures from  the  pattern  in  the  vicinitv  of  the  low  cell.  \r  evample  i-  shown  in  f ig.  Kuh  which  also  indicates 
the  ItM-ation  of  each  cvcione  in  the  <lata  sample  for  < iategory  I cyclones. 

1.2.  (;.\Tf;(;oin  ii  caci.om  s 

Categorv  If  <'vcl>  'tes  are  those  that  have  iu'en  moving  from  the  northwest  ipiadrant  and  are  liN-ated 
under  southwest  flow  aloft  which  is  produced  by  a |H'rtiirbation  in  a basically  northwest  contour  pattern. 
Figure  l(f)j  illustrates  this  ly|H*. 

1..3.  (;\Ti;(;oKY  iff  cvci.onk.s 

( iategorv  HI  cvciones  are  those  that  continue  moving  from  the  northwest  quadrant  although  livcated 
under  southwest  flow  at  7(H)  mb  due  to  the  presence  of  a major  trough  at  that  level,  f igure  1(c)  depicts  a 
typical  iip|H‘r  air  pattern  with  a (iategory  III  cyclone. 

Figue-s  Kfij  and  (c)  indicate  certain  amplitude  measurements  of  the  up|HT  air  contour  pattern:  these 
provide  an  objective  method  of  detennining  whether  the  trough  is  a perturbation  or  a major  trough.  Refer 
to  page  80  for  details  of  this  method. 


Manuscript  received  for  piililiralion  7 Novemlier  1*132. 


Fip.  1 (d).  Fxain|>l<'  of  ty|»><'al  7(H)-inli  rirnilation  pHUrrii  will*  (Ulopory  TV  casrs. 
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1.4.  C..VTKCORY  IV  C.VtXONE.S 

('.utcpir>  IV  cM'loiK's  are  iIiokp  that  have  Iteen  moving  from  the  xoiitliHeHt  qiiailrant  and  are  liM'ated 
Wiieatli  MuitliHeiit  tloM  aloft.  Figure  l(<i)  ehoHH  a t>|>ieal  pattern. 

It  ia  important  that  the  foreraater  be  familiar  with  thia  eyelone  rlaaaifieation  beeauae  the  initial  atep  in 
forecaating  the  behavior  of  any  eyelone  ia  to  place  it  into  one  of  theae  four  rategoriea.  However,  not  all 
cyclonea  can  be  ao  claaaified;  an  occaaional  cyclone  moving  out  of  the  northweat,  for  example,  and  located 
immediately  under  a TOO  mb  trough  cannot  be  identified  with  either  a belt  of  northweat  flow  or  aouthweat 
flow.  .Vlao,  a few  aurface  ayatema  with  predominantly  weat-tu-eaat  flow  aloft  cannot  be  included  in  the 
categoriea.  No  treatment  of  theae  typea  haa  ao  far  been  undertaken  by  thia  project. 

.\lthoiigh  cyclonea  in  Categoriea  I through  IV  make  their  initial  appearance  in  weatern  North  America, 
all  Iowa  which  originate  from  cyclogenetic  proceaaea  in  the  eaatern  I'nited  Statea  almoat  invariably  are  born 
in  Categorv  IV.  Nevertheleaa,  theae  four  categoriea  of  cyclonea  are  not  alwava  independent  of  each  other 
but  are  frequently  time-related.  A cyclone  under  northweat  flow  moving  from  the  northweat  may  paaa 
aucceaaivelv  through  Ciategoriea  II  and  III,  and  thence  to  Category  IV.  It  ia  not  alwaya  [>oaaibIe  to  trace 
tliia  development.  Once  the  cyclone  leavea  Category  I,  the  devel«»pment  may  be  ao  rapid  that  an  upper 
air  chart  taken  12  houra  later  will  ahow  the  cyclone  aa  (’.ategory  IV.  There  ia  evidence,  however,  to  aupport 
the  belief  that  many  cyclonea  follow  a life  cycle  through  all  four  categoriea. 

1.5.  INTENSITY  MF,.4SrREMF.NT  OF  CYCLONES 

Since  the  inception  of  thia  reaearch,  there  haa  been  conaiderable  diacuaaion  of  intenaity  meaaurementa. 
Since  dec|>ening  and  filling  are  to  be  predicted  through  the  uae  of  objective  t(M>la,  it  ia  imperative  that 
quantitative  and  objective  meaaurementa  of  intenaity  be  obtained.  The  traditional  uae  of  central  preaaure 
aa  a gage  of  intenaity  haa  been  abandoned  beeauae  for  certain  ty|)ea  of  rych>nra  central  preaaure  falla  con- 
currently with  a decreaae  in  the  cyclonic  circulation.  Several  other  meaaurementa  have  been  diacarded  for 
similar  reasons. 

Since  cyclonic  circulation  is  being  dia<'uaaed,  it  appears  that  the  moat  desirable  gage  of  intensity  will  be 
one  which  ia  a measure  of  the  strength  of  thia  circulation,  namely,  the  pressure  gradient.  A prime  requisite 
for  comparison  of  intensities  of  numerous  cvcionea  ia  that  the  circulation  of  theae  Iowa  be  measured  over  a 
standard  area.  The  method  for  determining  the  intensity  which  has  been  develujied  in  this  study  defines 
thia  area  aa  a circle  of  6<M)  miles  radius,  using  as  a center  the  center  of  symmetry  »)f  the  inner  isobars  of  the 
cyclone.  The  objective  procedure  is  to  measure  the  pressure  differences  in  millibars  l)etween  the  center  of 
the  cyclone  and  the  four  cardinal  directions  at  points  600  miles  from  this  center.  The  average  pressure 
difference  is  then  computed,  and  this  average  difference  is  defined  as  the  intensily  count  of  the  low.  Theae 
counts  vary  from  2 to  40.  with  the  average  intenaity  near  14.  There  will  l»e  occasional  meaaurementa  in 
which  the  600-mile  distance  will  exceed  the  distance  to  a ridge  line.  In  these  cases,  only  the  maximum  prea- 
aure difference  is  to  be  used. 

There  are,  of  course,  weaknesses  in  the  method,  but  after  considerable  trial  thia  apjiears  to  lie  the  most 
aatisfactory  objective  measure  of  cyclonic  circulation. 

1.6.  MEASUREMENTS  AND  DATA 

The  methods  to  be  described  consider  surface  pressure  systems  only  at  OFIOK  and  1.4.40F.  and  upper- 
level  charts  at  lOOOE  and  2200F).  The  3-hour  time  lag  lietwecn  the  up(ier-level  data  and  the  surface  data 
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has  Ih'i’ii  iti(’or|H>rat<'(l  into  all  fon-i'iistin;;  |>aramot<‘rs.  so  that  inl)T|iolation  of  prcssiirt'  s\st<‘in  (M)sitions  is 
unnfi'fssary.  The  starlinf;  time  of  all  forecasts  is  the  lime  «»f  the  surface  synoptic  data,  0I30K  and 

In  all  measurements  of  peostrophic  »\ind,  the  stainlard  peostro|diic  windscale  should  be  used  fwillnmt 
correction  for  cur\alure'l.  hen  contour  heiphi  <lifferences  were  measured,  it  was  found  empirically  neces- 
sary to  appl\  corrections,  multiply inp  hy  the  pro|ier  latituile  factor  lisleil  In-Iom. 


Lalitudr  Correrlions  for  Heif^t  Values 
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In  the  practical  application  of  these  fore<  aslinp  methods,  the  meteorolopist  must  measure  many  of  the 
parameters  on  a weather  map,  and  ts'casionalU  in  different  units.  The  use  of  properly  praduated  rulers 
facilitates  these  measurements.  In  some  sections  of  ihi«  re|M>rt.  the  delineation  of  Sfiecific  areas  is  essential; 
this  can  Irest  he  accomplished  hy  the  use  of  a template  or  oserlay.  Fipure  2 illustrates  an  overlay,  eom- 
hininp  linear  measurinp  rulers  in  different  units,  anpidar  measurements,  peostrophic  wind  scales,  and  area 
delineation  tem[ilates:  this  o\erla>  may  Ik'  photoprapln-d  and  enlarped  to  the  scale  of  any  Lambert  conformal 
conic  map. 

-\ll  of  the  basic  research  data  has  la-en  «ditained  from  the  map  fdes  of  Eastern  .\ir  Lines,  Inc.  .\ll 
charts  have  Iteen  lalieled  usinp  l.astern  standard  time.  The  peopraphical  limits  of  the  base  chart  include 
the  North  .American  continent,  exchidinp  Alaska  and  Canada  north  of  the  ()7th  parallel,  but  incliidinp  the 
Caribbean  Islands.  The  projection  is  I.amlM'rt  <-onfortiial  conic  with  standard  parallels  at  2.5°  and  48°30'. 
The  scale  of  the  hase  surface  map  is  I ;7,i>(K(,tK)0.  and  of  the  up|H'r-le\el  chart  1:1,5,000,000. 


21 


Tin:  riiKDicTioN  of  (;y(;lo(;i;m;sis 
josKrii  j.  <;koi{(;k 


1.1.  INTKODl  CTION 

I'lit'  (lori\ atiim  and  |irodu(-tiim  of  tin-  «-in-rf;\  tli.it  dri^l•^  an  i-\tratro|iiral  r\rloin-  i.s  i-xtrriin-lv  complex, 
riiere  can  lie  little  doubt.  lioweM-r,  that  x^lieii  Iko  air  iiianM-i.  of  different  densiliei.  are  brought  into  juxta- 
(Hisition  at  the  i.aine  altitude,  the  jiotential  enerpv  in  favorable  to  the  formation  of  new  cvcloneii.  It  there- 
fore follows  that  indications  of  this  kind  of  cyclopenesis  should  lie  s<iuj;ht  at  levels  where  both  cold  and 
warm  air  mas,-es  exist,  .''ince  cold  masses  are  relatively  shallow  in  the  eastern  L nited  States,  attention 
should  Ik-  fin-used  on  the  lowest  standard  level  alnive  the  surface,  that  is.  8.">(t  mb.  Although  the  data  in  this 
study  have  been  gathered  for  higher  levels,  the  results  emphasize  that  cvclogenesis  in  the  eastern  United 
States  can  In-st  lie  predicted  front  the  conditions  met  at  the  H.'iO-mh  level.  Inileed,  for  the  particular  geo- 
graphic area  involved,  in  all  hut  a few  cases,  it  can  a|iparentlv  Is-  done  only  from  the  8.10-mh  level.  There 
is  a fundamental  difference  Is-tween  the  cyclones  Itorn  in  the  eastern  United  .''tates  and  those  in  certain 
other  regions,  notahiv  the  Mediterranean  and  southwest  I nited  .'states.  I'he  former  are  almost  invariablv 
warm  and  shallow  at  birth,  whereas  the  latter  are  predoininantiv  cold  deep  lows.  Methods  of  forecasting 
the  formation  of  cold  lows  have  not  been  attempted  in  this  pa|s-r. 

Even  if  the  conclusion  that  the  prediction  of  warm  cvclogenesis  must  lie  accomplished  with  reference 
only  to  low  levels  is  valid.  i>  <lis-s  not  necessarilv  follow  that  the  actual  pressure  reduction  involved  is  con- 
tributed entirely,  or  indeed,  in  large  parts,  hv  the  low  level  prix-esscs.  It  i«  not  a subject  which  will  be 
pursued  here;  the  onlv  idtjective  of  this  pa|M-r  is  to  determine  means  of  forecasting  cvclogenesis  regardless  of 
the  physical  priK-esses  which  produce  it. 

To  date,  the  geographic  area  in  which  cvelogene-is  has  Ix-i-n  studied  has  Ih-i-ii  eoniined  to  the  latitudes 
of  the  I nited  .States  between  longitudes  7<t  and  1<M)°  Vi . I’he  effectiveness  of  the  method  for  forecasting 
cvclogenesis  descrilied  in  this  re(Hirt,  lies  in  the  recognition  hv  the  forecaster  of  certain  patterns  in  the  upper 
level  charts.  It  is  conceiled  that  subjectivity  is  involved  in  the  recognition  of  a pattern,  nevertheless,  the 
particidar  pattern  preceding  cvclogenesis  is  quite  well  defined  and  esjH-cially  for  really  significant  cyclo- 
genesis, can  hardly  lie  mistaken. 

In  discussing  meteorological  patterns,  illustrations  are  inrmitely  more  effective  than  descriptions. 
The  presentation  of  a numh<-r  of  actual  cxani|des  should  quickly  acquaint  the  reader  with  the  appearance 
of  the  patterns  so  that  thev  Ik-coiiic  easily  recognizable.  .Accordinglv,  this  section  will  contain  a maximum 
of  illustrations. 

The  patterns,  although  not  unilulv  sensitive,  require  that  as  niiich  care  be  exercised  by  the  analyst  in 
drawing  isotherms  as  a careful  meteorologist  gives  to  the  placing  of  contours.  Not  all  analysts,  by  anv 
means,  are  in  the  habit  of  placing  this  niiich  emphasis  on  isotherms;  and  attempts  to  use  charts  which 
have  not  been  checked  for  ai-curacy  may  well  lead  to  unnecessary  errors. 

The  data  for  this  study  consisted  of  the  win’er  months  of  N'ovemlier,  December,  January,  February 
and  March  for  the  four  winters  from  IV 17- -18  tliroiigli  IV.vO  .'ll.  In  that  |ieriod,  2.’>8  case  histories,  includ- 
ing negative  cases,  were  collected  and  studied.  Kaslern  standard  time  is  used  throughout.  These  data 
are  included  in  Appendix  I. 
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F'ip.  3.  Thr  ronr«*|it  >if  fiu  tor*  at  M'»o  mh  u***!  iii  Harm  i*  i)lii>iratr(}.  Mu'  roM  air  injt'rtion  i" 

i li*arl>  taking  |*la<*«‘  o\<t  nlurh  i-*  tin-  riu»-t  »-4Mimi»»n  liM-ati<>ii.  I lu*  l‘M  a!i«»n  «»f  tlu*  iu  h r>rli>iU‘  i**  *lM»‘rrnmril  lu*rr  a* 

ulichtl^  ruirlli  •»{  I'a-t  fr«»m  llu-  r»-iit»  r "f  mjf'rtitin.  In*«  au»r  ilu*  ar»*  }iark«‘<i  amJ.  of  t ourer,  it  »lioiilil  iM'i'iir 

on  tlir  lifu*  laliriril  "ImMi*'  t»f  <’lo;»»‘iu"‘i'‘.*'  < h’'linaril' , tinmi::  hoiiM  Iu*  for  f«»ni>atuui  IH  hour'*  aflrr  ihi'*  palliTii  i**  lir^*l  oh- 

‘.rr%4'«l.  Mu*  ha'*i<’  <lirr<-tiMH  m hIiu  Ii  llu'  iu’h  »liirin  -lumhi  *>tart  i**  h*  llu-  a\fra;:f  o|  il»r  itru'iilttlion  of  thr*  i*»o- 

tluTriiM  <<hiiit>h’  •>hankf'«l  arron  I aiul  thr  roMtoiir"  tri|>h’  «hankr4|  arr«4H  I.  |- rf*«)nrolK  onl>  r>nr  of  tlu:?>r  iHo  rlrmriil^  in  avail- 
ahlr.  riir  trark  4-ur>r*»  ••a»lHar«l  hrrau-r  thr  .un|>litiiilr  .if  thr  i«othrrm’*  i**  hm.  Mu*  ^ju'rj  |>,irainrtrrH  arr:  (I)  ihf  ^eatr»it 
trmprratiirr  cra<lirnt  in  tlu-  norllmr«i  (|ii.uiranl  iiira‘*urr<i  from  thr  ''|u»t  «>ii  llu-  I.h'u-  Hithin  ahoiit  3iH>  milr>«  of  ihr  predicted 
iix’ation  H hii'h  h ill  ftiv  r tlu*  ;:rr.itr<«t  ;;r.i<lirnt.  It  i«  ouhratril  hrrr  a*  S I ■ '2^  \ rr)>r«'«rnt  aliv  r v a lilt*  «»f  the  i^ecwtrophic  wind 

in  thr  *«oulhHr«t  riirrrnt  Hr«t  of  thr  prr<lu  tr«i  ItM-ation  of  t-\('h>{:rnr«iH.  lirrr  it  i<*  ))ln-tr.ii«‘il  throutih  Vlahama  and  (»eorfcia. 

VI  hrn  thr  »oiithrrnmo-t  contour  hurt*  aroiiiul  llu*  troti;:h  hr  lutrlh  of  thr  |(rr«lM'tri)  r>  «-lo;<:rnr-i>«  liM-aiion,  no  f^eiMitrophic  wind  ia 
m«‘a<-iirri]  aiul  thr  '•pri-d  of  tiu-  ficH  Ioh  i«  forrra»t  a**  mph.  1 Su  av*'rau«*  hiiuI  m ihi'*  injt*rii«>ii  im  aluvui  25  knots  and  the 
thrriiidl  ranjir  i>»  ahont  Ih  or  1 7 . 

1,2.  THK  FOHKCA.sTI>(,  iVMTKKN 

^ ith  vor\  f«'H  extTplioiis,  rv<*r\  raw*  of  rxrloprni'sif*  wliirh  in’Ciirrod  in  thr  I iiitrd  Stale!* 

and  adjarrnt  waters  east  of  loiioittidr  during  the  test  |M*riod  was  preredril  b\  a roiiiim  u pattern  at  d30 
mb.  At  some  fMiinl  along  the  isotherm  rildHin  (the  Irelt  of  parked  isotherms),  a eiirrent  ln'romes  established 
whieh  at  most  is  usually  onU  a few  hundred  miles  wide  and  whieh  ohviously  erossr's  the  isollierm  riblwm 
from  cold  to  warm  air.  Siieh  a eiirreiit  is  iisiiallx  asstwialed  with  an  np|H'r  trough  and  is  most  effeeli^e  in 
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AVERAGE  NO  OF  HOURS 
BETWEEN  INJECTION  AND 
CYCLOGENESIS  FOR 
VARIOUS  LATITUDES 


LATITUDE  AV  NO  HRS 


Fig.  4.  Th<!  location  of  ccntrro  of  injection.  Kach  figure  ia  locairti  at  center  of  injection  and  repreaenta  a number  of  6-hour 
intervala  between  the  time  the  injection  waa  firat  eatabliahed  and  the  appearance  of  the  firat  clnaed  iaobar  of  the  related  cyclo- 
geneaia. 


cAuaing  cyclogeneaia  under  the  following  conditiona;  when  the  iaolherni  ribbon  ia  well  to  the  aouth  of  3&°; 
when  the  number  of  iaotherma  croaaed  by  the  current  ia  large;  and  when  the  current  ia  of  appreciable  strength 
i.e.,  greater  than  15  knota.  The  current  ia  usually  best  delineated  by  actual  wind  reports  rather  than  con- 
tours, because  at  times  there  is  a great  deal  of  cross-contour  flow.  Figure  3 shows  the  typical  pattern. 


At  first  it  Mill  that  tlii'  liM-alioii  of  u ('<‘iitrr  of  n>l<l  air  iiijrrtion  is  <iillii'iilt  .lud  -i  ' < v>  ‘ " 

most  oasi-s  liicrt' IS  rcinarkahl)  litlh- rliaiu'f  for  «*rror.  ()iil\  4‘X|M-ci(‘nir  Mitii  m lii.il  i .i-' ' < .r  I-  ■ in  ,. 
on  this  (Miint.  Tlir  ItH'atioii  of  this  (Tiller  is  im|M>rtaiit  because  to  a lar^e  exli  iii  ii  . .i,  ii 

formation  of  the  new  eyelone. 

Determining  the  time  when  a new  e\elone  will  form,  is  of  |>rime  iiii|M>rtani  I In  ■ old . i ) 

will  heneeforih  1k"  called  a colil  air  inj»\iiiin,'  iM'frins  from  12  to  IH  hours  liefore  tin-  lir-(  < Im.  d : i-  i ■ 
geiK'sis  a|i|iears  and  from  TtH)  to  l.VMi  miles  ii|istream  from  the  repoii  of  e\el";'<nr-i-  'll  ■ ■ ii. 

interval  is  18  hours  and  this  value  is  used  in  making  forecasts.  SiiiiT  the  u[)|«  r-.iir  • h.iii  . ■ , 

12-hour  intervals,  each  ease  may  Im*  in  error  hv  at  least  plus  or  minus  6 hours.  In  .n  ln.il  | ! : 

six  hourly  wind  soundings  may  lie  used  to  cheek  the  lieginning  of  the  cold  aii  iiijn  timi.  .i  i . 
should  be  forecast  to  occur  18  hours  later. 

Figure  4 is  a map  showing  the  geographical  liM-alion  of  the  centers  of  injeciion  fnr  .n  i . 
cases  and  show's  clearly  that  the  majority  of  cold  injeelions  take  place  at  southrrh  l.itit.nl<  h I > . u 
found  that  the  latitude  of  injection  is  related  to  the  lime  interval  between  inj>  < in>m  .onI 
follows:  the  interval  decreases  with  decreasing  latitude.  Oases  where  a new  ee.iitiT  > I'l- 

terior  of  a well  developed  eyelone  and  subse(|uently  liecaiiie  the  only  center  are  i-.illi' I hn  Mi-  -• 

must  be  treated  separately  and  are  not  shown  in  Fig.  t. 

A cold  air  injection  is,  of  course,  nothing  more  nor  less  than  apparent  cold  air  .id\i  i . < m •. 

taking  place  as  a current  rather  than  as  a hroad  scale  phenomenon.  When  the  i-i'ih  i m-  ’<  ■ ( ' ni 

over  perhaps  a thousand  miles  and  there  does  not  e\i«t  a /aicA'ing  or  an  isttlhirm  ithh'm  tin-  i , 

cyelogenesis  are  not  usually  present,  even  though  broad  scale  cold  adveetion  is  pn  -rti'. 

Injections  frequently  are  ass<M-iated  with  surface  eyelonex  and.  of  course,  with  : 

contours  and  isotherms  are  out  of  phase.  The  dee|s'r  the  surface  low.  the  more  llki  K .lo 

injection,  hut  as  will  1m-  noted  later,  thi«  does  not  mi*an  that  cvclogene-i*  mii-t  tii-i  • ■ • rih 

rile  tcm(HTalur<-  ranee  over  which  the  cohl  injection  o|M-ratcs  i-  foiiiul  lo  drawiti  -n 
a manner  that  it  tr.mT'C'  the  grcalc-l  tcin|M-raturc  ranee  and  at  the  -amc  lime  ic.i.  im-  '■  i . ■ 

maximum  x»ind«.  The  extreme  terii|M-r,iture«  which  are  eneoiinlered  hx  lh>«  ' • '• 

still  within  the  limit' of  the  packed  i«otherni-.  eoii-titute  the  tem|M-ratiire  r.inge.  V\  In  o - ■ ■-  i'  -- 

than  about  12  ( !.  exelogeiie«i«  diM--  not  <M-eiir.  \ range  of  l.’>^  i,  i«  neee—arx  before  rc.il  • ■ .i.  n.  . j-  ,ii- 
tained.  I he  wind  lin  knots)  averaged  oxer  the  streamline  is  called  the  average  wind;  it  -In  i i-.  i..hit  d 
by  estimate  so  that  more  iiii|Hirtanee  is  assigned  to  the  wind  which  enxsscs  the  more  elo-ely  p.^  k.  .1  i-.-ilu  tin- 

The  center  of  injection  lies  in  the  middle  of  tlie  strongest  |Mirtion  of  the  cross-isothem  < otn  iii  on  the 
isotherm  midway  Itetween  the  teiiqieralurr  extremes  dx’scrilied  in  the  preceding  |>aragrapli 

It  is  often  diflieult  to  decide  whether  an  injection  is  simpiv  a eontimiing  one.  which  ha-  i-'-  ' N-u-b  Is-en 
used  to  predict  a new  eyelone,  c»r  whether  it  will  lx-  assvM-iated  with  still  another  ex  clone  form..  1 1.  .n,  \ -mcle 

persisting  injection  may  |irodiiee  either  a series  of  weak  waves  fidlowing  one  another  elo-ei \ i h iii.k  pro- 
duce a single  vigorous  eyelone.  If  the  prediction  of  intensitx  (vet  to  lie  considered)  is  for  v,  .so.  --  .io,l  ihe 
injection  still  (lersists  after  the  first  small  center  forms,  the  trend  will  lie  for  a siiece.ssioti  of  u.  ik  x,.i\i--  until 
the  intensity  prediction  lieeomes  more  vigorous.  On  tin*  ot  Iter  hand,  a prediction  of  a stron.  . -.  I.'O''  o-ii.dly 
means  that  the  injection  will  |iersist  but  that  it  will  lie  ass«M-iated  with  dee|iening  of  the  n.  '«  -i..rio  r.itln  r 
than  the  production  of  another. 


‘ This  term  xvasprohalily  first  iisril  inronnretion  wilhryrlo|[rfiesiaii3r  (Hivrr  W olf. 


l-iis  '»  |■f4*W•  «*f  pnrTi4r>  which  arc  followed  hy  ryrlogrneeiti  within  the  kidney-ehaped  area. 

Nr.tU  .11  of  iIm-im-  Ii  « k>  4rr  on 'iiifl  north  o(6l".  OrirnistmnK  bit  mriBurril  from  the  mrridUn  nrarrst 
itir  |HMi(iori  of  ivifttt  in  • •ir4i:;lil  linr  to  the  •u*>‘W!q<irnl  IH-hmir  poailion.  Thn  track*  were  made  by 
|i(b«  iriK  thr  <i*>t  markr-d  < , ( . I tti«i  actual  center  of  iniection  in  each  caae,  orientinn  the  point  marked 

’■(  .ii  " on  itic  -.no-  ii.r.ltcl  1 , and  tracinff  the  18-hour  track  of  the  cyclone  which  had  pre»iou»ly  been 

ro(>i.-<l  lo  t (ir  H Vi  inb  1 li.i  I fi  .«  ibn  aurface  chart*.  (K  cminr,  the  foreca*ter  will  be  under  the  compul- 
•ion  of  f nn-.-iiiic  ilir  IH  tioof  i.wition  *inoe  he  will  not  have  thi*  information  by  the  time  be  make*  hi* 
f.nn  I )ir  ki-lti-  > It  ..ir.  will  be  *up|Hirted  by  data  later  — it  i*  »hown  in  theae  lif;ure«  merely 

■*  * I oninioii  rrfrri  11.  r 


Fif.  6.  The  track*  of  primary  cyclone*  which  iinilerweni  center  jump*.  Hrartirally  all  of  them  are  between  61°  and  104°  in 
orientation.  (They  are  meaaured  the  *ame  a*  tho*e  in  Fig.  5.)  The  rnu|(hly  cirmlar  area  outline*  the  18-hour  poaition  of 
nearly  all  the  primary  center*  following  which  the  jump  occurre<l. 
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The  Hituatiun  f»>r  a serien  of  weak  Hliortlivecl  wavea  ia  aeeompanied  by  a very  alow  movement  of  the 
center  of  iiijeolioti  (leaa  than  2(M(  inilea  in  12  hoiira),  while  an  intenaifvinf’  cyclone  haa  an  aaaociated  center  of 
injection  which  travela  iiaually  in  a aoutheaaterly  direction  more  rapidly. 

^hen  an  injection  occura,  one  of  three  thinga  alnioat  invariably  followa:  tbe  parent  cyclone  deepens; 
a new  cyclone  forma;  or  a center  jump  occura.  Probably  the  moat  difficult  problem  for  tbe  forecaster  to 
solve  is  deciding  which  of  these  three  alternatives  will  occur.  Methods  will  be  described  which  will  enable 
the  decision  to  be  made  with  reasonable  objectivity  and  accuracy,  but  there  are  cases  which  cause  difficulty, 
as  wrill  be  shown. 

A brief  discussion  of  definitions  used  in  this  section  is  necessary.  The  term  cyxJoftmesis  refers  to  any 
closed  isobar  forming  around  lower  pressure  where  none  existed  before.  The  term  aecondary  cyclone  means 
cyclogenesia  occurring  near,  and  in  relation  to,  a primary  cyclone.  Obviously,  cyclogenesis  applies  to  both 
secondary  cyclones  and  new  storms  formed  without  relation  to  any  other.  A center  jump  is  considered  to 
be  a special  ty  pe  of  cyclogenesis  and  sometimes  is  indistinguishable  from  secondary  cyclogenesis  occurring 
near  the  center  of  an  existing  storm.  The  usual  means  of  differentiation  used  in  this  pa[>er  is  as  follows: 
when  the  two  centers  are  present,  there  should  l»e  a minimum  of  .1  mb  pressure  difference  l)ctween  the  old 
center  of  low  pressure  and  the  col  separating  new  and  old  centers  for  the  case  to  be  classified  as  a secondary 
cyclone.  Usually,  too,  when  a new  center  forms  on  a warm  front  it  is  classified  as  a secondary  regardless 
of  other  considerations.  In  most  rases,  there  will  be  little  difficulty  in  lalieling  each  case  projierly.  It 
should  be  remembered,  however,  that  there  ap|>ears  to  be  a continuous  transition  lone  between  secondaries 
and  center  jumps.  hen  it  is  diflTicult  to  tell  them  apart,  the  forecast  will  be  similar. 

^ hen  an  injection  is  first  established,  and  a well  develojied  cy  clonic  circulation  is  associated  with  it, 
the  most  immediate  problem  is  to  determine  if  a center  jump  will  occur.  This  requires  a determination  of 
the  future  course  and  sjieed  of  the  cyclone,  and  is  best  done  by  the  methods  given  elsewhere  in  this  paper. 
At  any  rate,  the  18-hour  future  |>osition  of  the  hiw  center  is  predicted. 

The  18-hour  paths  of  the  primary  cyclones  in  two  years  of  the  dependent  sample  of  data  have  hcen 
plotted  in  Figs.  5,  6,  and  7.  An  increase  in  the  sample  would  unduly  complicate  the  figures  and  add  little. 
Figure  5 includes  all  examples  that  were  associated  with  cyclogenesis  and  that  had  courses  less  than  61° 
east  of  north. 

All  courses  were  measured  from  the  meridian  over  the  primary  storm  at  the  beginning  of  the  track. 
In  each  of  these  graphs,  the  point  of  common  reference  was  the  center  of  injection.  Figure  6 is  a similar 
plot  of  the  tracks  of  cyclones  that  underwent  center  jumps.  Figure  7 is  a plot  of  storm  center  tracks  taken 
in  a similar  fashion  for  all  storms  associated  with  new  cyclogenesis  but  with  tracks  greater  than  60°  east 
from  north.  ISote  the  almost  complete  separation  obtained  between  tbe  18-hour  future  position  of  the 
center  jump  tracks  (Fig.  6)  and  those  storms  having  similar  tracks  but  with  new  cyclogenesis  associated. 
Tbe  small  group  of  tracks  moving  southeast  at  the  bottom  are  practically  all  on  greater  courses  than  the 
limiting  value  of  104°. 

From  the  behavior  of  the  cyclone  track  illustrated  in  these  three  figures,  a method  can  be  deduced  for 
predicting  when  a center  jump  will  occur  and  when  new  cyclogenesis  will  take  place  assuming,  of  course, 
that  an  accurate  forecast  of  the  18-hour  future  position  of  cyclone  renters  can  be  made.  All  measurements 
are  made  between  the  initial  point  and  the  18-hour  position  of  the  low  center. 

A study  of  Fig.  6 leads  to  the  following  rule:  cyclones  that  have  tracks  between  61°  and  104°  east  of 
north  and  speeds  such  that  the  18-hour  position  of  the  low  center  is  expected  to  lie  within  the  roughly  circular 
area  of  this  figure,  will  be  accompanied  by  center  jumps  and  no  other  form  of  cy  clogenesis. 


surface  central  pressure  CSEA  level,  MBS) 


20 


Fig.  8.  A method  for  Rrparatin^  rvrlon<’«  nlii^di  ‘h'riwii  from  th«»*«*  hIih  Ii  are  a«*^iM'iatr*d  h ith  new  r\r)oj»»*nr>*in.  Tlir 
rrprewntu  <ii**lanre’»  fnra**urrd  in  nnlr^  hrlHren  the  renter  of  the  Ion  at  the  -^urfaer  and  l!ie  renter  of  injeetion  at  mb.  ’I'lie 
U>w  {MMiition  if  taken  without  <*<irre«  iMn  from  the  <M  hM'  or  I.Vh»|-  ehart  nearest  the  time  of  the  KotKmh  ehart.  t)rdinatef  are 
Aimpl)  the  loHefl  nea-level  |»re<»Hure  reeorde«l  h»r  tlk*  Ioh.  0|»en  eirelen  are  fh*)wn  on  the  tiraph  for  Iov»k  nhirh  Here  not 

a*«H4M'iated  nith  an\  ne\%  ('\elo}:eneAi«  an<l  dolf  f»»r  tho^e  nhieh  Here.  I’he  line  Heparalef  the  Iho  ela-^ef  pi>ing  0|  permit 
accurate  <lerinition  (<lcfM'ndent  data). 

In  center  jump  cases.  llie  new  center  usiiallt  movea  at  approximatelt  tlie  same  sj)eed  as  the  old  one 
did  before  the  jiiniji  (H-ciirred:  however,  the  new  eenter  is  usuallv  ha-ated  to  the  east  of  tlie  old  one.  Unless 
taken  into  account,  this  factor  causes  errors  in  cv  clone  speed  predictions  based  on  movement  of  the  old 
center,  .\ftcr  a center  jump  (s-ciirs,  the  inteiisitv  of  a cvcione  almost  alwavs  increases  niarkediv.  and  there 
is  a distinct  tendenev  for  cx  clones  of  moderate  or  deep  intensity  to  follow  a cyclonically  curved  track  into 
the  north. 

The  concept  of  a eenter  jump  may  ap|>ear  artificial;  however,  the  need  for  it  was  dictated  by  the  data 
for  the  following  reasons; 

(1)  There  is  a real  difference  in  the  contour  ap|iearanre  and  the  resulting  weather  between  a center 
jump  and  new  cyclogenesis. 

(2)  A center  jump  may.  and  often  does,  take  place  so  close  to  the  original  center  that  only  slight 
alteration  will  result  in  the  isoharic  pattern.  The  prediction  of  liM-ation  of  the  new  center  will 
fre(|uently  I)c  very  different  than  if  new  cvclogenesis  is  expected. 

(.'{)  ^ e have  already  noted  that  following  the  establishment  of  an  injection  either  the  parent  cyclone 
deepens,  a new  cyclone  is  formed,  or  a center  jump  occurs.  The  method  for  predicting  a center 
jump  has  just  lieen  descrilied.  In  any  single  case,  once  the  possibility  of  a center  jump  has  been 
eliminated,  there  remains  the  very  im|Mirtant  <|iiestion  tif  which  of  the  other  two  alternatives  will 
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Fig.  0.  \ tr»t  of  ihr  <Wprning  or  nrw  ryrlof[rnr»i<  vparation  •hown  in  Fig.  H.  Thr  »amo  arr  \ri-iirary  of 

acparalion  w H3  |x-rr«nl.  (ln<lr|M-n<lrnt  dala.) 


lake  place.  The  mechaniani  by  meana  of  which  they  are  separated  will  Ih*  described  next.  It  will 
suffice  here  to  say  that  if  all  center  jump  cases  are  not  first  eliminated,  this  iiiecliaiiisin  is  ren- 
dered useless. 

The  tracks  of  deepening  cyclones  which  arc  not  associated  with  new  cyclogenesis  or  center  jumps  are 
almost  always  less  than  61'’  east  of  north  and  a plot  of  their  tracks  as  shown  in  Fig.  5 does  not  in  anv  wav 
distinguish  them  from  those  which  are  accompanied  by  new  cyclogenesis. 

Accordingly,  it  has  been  necessary  to  seek  other  factors  to  determine  when  such  a cold  air  injection 
will  be  associated  with  new  cyclogcnesis  and  when  it  will  not.  Figure  8 shows  that  the  distance  between 
the  parent  low  and  the  center  of  cold  injection  gives  a method  of  division.  When  the  distance  is  large, 
new  cyclogenesis  occurs.  The  surface  central  pressure  of  the  parent  low  and  the  distance  l>etween  the  sur- 
face low  center  and  the  center  of  cold  air  injection  are  plotted  as  ordinate  and  abscissa.  No  center  jump 
cases  are  included.  None  of  the  centers  are  moving  between  61  and  101°.  The  division  is  remarkably  good 
giving  an  over  all  accuracy  for  the  dependent  data  of  91  percent.  Figure  9 is  a similar  plot  of  independent 
test  data  using  the  winter  of  1951-52.  Accuracy  drops  to  85  jicrcent  which  is  still  satisfactory. 

Using  independent  data  it  is  not  easy  to  find  tHime  objective  measure  of  testing  these  predictions.  The 
winter  of  1951-.52.  comprising  fiO  cases,  was  used  as  an  indefiendent  cheek.  There  are,  however,  six  different 
components  of  the  forecast  (time,  intensity,  location,  8|>eeii,  track,  type)  and  there  were  few  cases  when  the 
forecast  was  entirely  satisfactory  for  all  of  them.  Of  tlie  (»0  cases,  the  essential  development  was  correctlv 
forecast  45  times  or  7.5  percent.  There  were  10  cases  (17  pen-enl)  in  which  major  errors  were  made  but  in 
which  substantial  portions  were  also  ctwreet.  Five  complete  errors  resulted  (8  jH-rcent)  two  of  which  were 
due  to  incomplete  data  in  Mexico. 
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Fig.  10.  Tlir  loratinn  of  nrn  ryrlogrnptir  ra»*r!*  rrfrrmi  to  a n»imnoii  otMilrr  of  roM  air  injrrtion.  Thr  braringt^  arc  drtrrminriJ 
from  the  meridian  over  thr  crnlrr  of  injrrtion  (markrdf'.  r).  Thr  dixlaiirr!*  arr  !«ralrd  in  atatiifr  milrt»  from  a l.amlK*rt  conformal 
conic  projection  with  ntandaril  paralleU  at  «.V  and  48  Ihfrrrrni'r<«  in  itcalr  due  to  thr  projection  have  lirrii  ign<Mrrd.  Thr 

polar  ciNMrdinatra  have  lirrn  ahown  to  rnahir  the  diagram  to  he  repriMhiced  to  any  map  m'alr.  No  center  jtimpa  have  l»een 
included  in  thin  aampir.  They  occur  mainly  north  of  the  ’ line.  The  preferred  hM'atioii  for  prediction  if*  iiMially  along  thr 
center  line.  In  aynoptic  practice  thr  area  ia  heat  Iranaferml  in  pr«»|fer  acale  to  a tranaparenev.  I'hr  center  of  injection  ia 
placed  over  the  actual  center  and  the  radian  where  it  cr«»aaea  the  miter  line  of  the  kidncv*aha|»ed  area  ia  placed  on  the  aamr 
parallel.  The  area  ia  then  pro|>erly  aligned  and  may  Itr.  traced  or  indicated  on  the  actual  chart. 

It  must  be  remembered,  however,  that  if  eyelopeneHia  in  eorreelK  foret'ant  an  to  location,  the  foreeant 
for  24  to  36  hours  is  almost  certain  to  be  fairly  atHnirate.  Any  errors  in  s|teed,  direction,  or  intensity  will 
only  affect  the  forecast  for  a later  period  and  presumably  later  information  may  permit  correction  of  such 


errors. 
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Fi(S.  1 1.  Thr  4yni»|ilic  l«»c«lion  of  nrw  cyrlogrnrtii^  for  ihr  miMt  iwual  aynoptir  i*itiialH>n  at  ihr  time  of  ryriogrnraia.  Thr  new 
cyclonr  forma  in  thr  north  portion  of  the  col  <ir  even  within  the  northern  low  when  the  front  ia  orirntnl  north*aoiith  or  nearly  oo. 
Aa  the  front  orientation  rotatea  to  northeaat-northweet,  the  new  depreoaion  temla  to  form  in  the  miilillr  of  the  col.  anil  aa  it 
approachea  eaat*weat,  it  forma  moat  often  at  the  eitreme  oouthern  and  weatern  |>ortiona. 

It  18  assumed  that  the  methods  developed  so  far  enable  the  forecaster  to  determine  whether  or  not 
cyclogenesis  will  occur  and,  if  so,  the  type  of  cyclogenesis.  It  now  remains  to  establish  methods  for  fore- 
casting the  following  information  concerning  new  cyclogenesis:  location,  timing,  intensity  of  development, 
track,  and  speed, 

U.  LOCATION  OF  NEW  CYCLOCENESIS 

In  Fig.  10  all  cases  of  new  cyclogenesis  (including  center  jumps)  have  been  plotted  relative  to  a common 
center  of  cold  air  injection.  The  kidney-shaped  area  encompasses  most  of  the  locations.  It  is  used  as  a 
first  approximation  for  the  predicted  center  by  placing  a transparency  of  this  figure  on  the  850  mb  chart 
in  proper  orientation  with  the  center  of  injection.  The  new  center  will  develop  within  this  area.  It  is 
usually  preferable  to  predict  the  cyclogenesis  to  take  place  along  the  renter  line  which  will  be  called  the 
"Locus  of  Cyclogenesis.”  Methods  described  below  are  useful  in  placing  the  location  along  the  extent  of 
this  locus. 

The  location  of  cyclogenesis  in  the  usual  synoptic  situation  at  the  time  it  occurs  is  shown  in  Fig.  1 1. 
When  the  front  is  oriented  north-south  or  nearly  so,  the  new  oclone  forms  in  the  north  j>orlioii  of  the  coLpr 
even  within  the  northern  low.  As  the  frontal  orientation  mtates  to  northeast -southwest  the  new  depression 
tends  to  form  in  the  middle  of  the  col  and  as  it  appnwches  cast -west,  it  forms  most  often  at  the  extreme 
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Fin.  12.  The  prodicted  and  irtual  locatinnii  of  cyclonrnMi*.  /*  alanda  for  predicted,  F for  actual  poaitioa  of  formattoo.  The 
numeral  refera  to  the  caae  numiter  in  Appendix  I.  (Independent  data.) 

southern  and  western  portions.  When  no  parent  low  i*  involved,  the  new  storm  almost  always  forms  at  the 
extreme  south  of  the  locus  line. 

When  the  isotherm  ribbon  is  packed  closely,  i.e.,  the  gradient  is  high,  the  point  of  cyclogenesis  is  almost 
always  well  south  along  the  locus.  Conversely,  loosely  parked  isotherms  are  associated  writh  northerly 
locations.  The  gradient  value  for  the  median  case  when  cyclogenesis  takes  place  due  east  of  the  center 
of  injection  is  alMuit  15°  C per  350  statute  miles.  As  the  gradient  increases,  the  predicted  position  should 
move  southward  and  as  it  decreases,  northward.  This  indication  is  not  in  conflict  writh  any  previously 
given,  for  north-south  fronts  usually  are  associated  writh  loosely  packed  isotherms  and  east-west  fronts  writh 
high  south  to  north  thermal  gradients. 

Center  jumps  almost  always  take  place  in  the  northern  portion  of  the  kidney-shaped  area.  Gulf 
of  Mexico  depressions  which  move  eastward  along  the  Gulf  Coast  are  exceptions.  These  nearly  always 
jump  across  Florida  in  a northeast  direction  and  may  be  in  the  center  or  in  the  southern  part  of  the  kidney- 
shaped area. 

Another  aid  in  determining  the  location  of  cyclogenesis  within  the  kidney -shaped  area  is  the  temper- 
ature of  the  850  mb  surface  over  the  locus  of  cyclogenesis.  Table  I gives  the  median  temperatures  and 
usual  ranges.  The  cyclogenesis  most  often  occurs  at  the  intersection  of  the  locus  of  cyclogenesis  and  the 
gnedian  850  mb  Motberm. 
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T«l»lr  I,  H50  mil  lrm|irriitiirrt*  tivrr  llir  of  ryf’ln|;riirfiiii  tiikrn 

Hi  llir  linir  of  |»r«*ilirtioii. 
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3 to  13 

Mir. 
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7 to  15 

There  are  iM-t'asiunal  ill^tanl')■^  (l<-|iartiii^  wiilelv  from  llieiM*  values  ami  they  are  useful  only  fur  cheeking 
pur|)os«‘s.  Center  jumps  iiearU  aluavs  <s-eur  in  parts  of  the  kiilney -sha|ie)l  area  where  temperatures  are 
much  lower  than  thes«>  values  (rouf;hly  0°  to  — 2tl°(;). 

Figure  12  is  a map  showing  preilii'teil  ami  observe*!  l*M-ations  of  e\ elogenesis  for  the  independent  data. 
The  reader  ean  obtain  fr*im  it  an  iilea  of  the  order  of  ae*'iiraey  obtainable. 

1.4.  TIMING 

Little  ean  be  added  to  the  generalities  already  given  on  page  24  ronrerning  the  timing  meehanism. 
F'ighteen  hours  is  the  most  r«)nini*in  time  lag  Itetween  estaldishment  of  an  injerti*>n  and  the  subseipirnt 
cvelogenesis.  For  injections  eentere*!  north  of  .37°  latitmle.  the  first  apfiearanee  of  the  injection  is  ignored 
and  an  18-hour  time  lag  is  hirecast  from  the  scnim!  consecutive  '2-hour  map.  This  has  proved  the  most 
satisfactory  adjustment  for  the  latitude  factor.  There  are  many  times  when  an  injection  is  borderline, 
for  example,  when  it  occurs  at  a very  obliipie  angle  on  one  map  ami  Iwcomes  clear  cut  on  the  next.  In  such 
cases  6 or  12  hours  shouhi  lie  deducted  from  the  usual  IB-hour  lag  from  the  second  map  time. 

1.5.  FI  Tl  RF.  INTKNSITY 

Throughout  the  research  <in  this  subject,  it  was  found  that  a correlation  existed  between  the  intensity 
of  the  cold  air  inje*'tion  at  8.30  mb  and  the  residting  intensity  *»f  cyclone  ilevelopnicnt.  The  initial  intensity 
of  the  nascent  cv  clones  de|iends  mostiv  upon  the  vigor  *>f  tlie  8.30  mb  cold  air  injection.  Shafer,  in  another 
section  of  this  paper,  found  that  older  cyclones  (Category  I\)  ile|»enil  upon  bigber  level  (500  mb)  parani* 
eters  for  deepening  rs|iecially  when  the  cyclone  is  weak.  Ihvwever,  hr  found  that  for  strong  cyclones  of 
this  category,  further  dre|>ening  was  best  indicated  at  8.30  mb. 

Figure  13  shows  the  relationship  Ivetween  the  intrnsitv  of  the  cold  air  injection  and  the  initial  cyclone 
intensities  using  the  count  system  *lescrilied  in  the  intrmliiction.  The  results  from  this  graph  can  usually 
be  improved  u|ion  by  a subjective  corre*'tion  acconling  to  whether  the  .300  mb  surface  is  favorable  f*>r 
further  devel«»pment. 

Figure  14  is  a graph  similar  to  Fig.  10;  however,  the  intensities  plotted  are  the  maximum  attained  dur- 
ing the  .30  hours  following  the  birth  of  the  cyclone  and  the  family  of  curves  is  naturally  displaced  a little. 
It  is  the  first  phase  of  a multiple  correlation  designed  to  give  future  intensity.  Figure  1.3  is  the  second 
phase  which  takes  into  acemint  the  trough  sharpness  and  tem|>erature  gradient  at  the  .300  mb  level. 

Figure  16  is  the  final  graph  plotting  the  .3(KI  mb  results  as  abscissa  and  the  8.30  mb  parameters  as  ordi- 
nates. Major  storms  are  ilefineil  as  tho.se  which  reaidi  an  intensity  count  of  16  or  more.  Minor  storms  have 
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Fi«.  13.  The  initial  intensity  of  new  cyclone  formation  determineil  by  the  fiint  plateau  of  intenaity  valuea  after  the  new  cyclone 
forma.  If  a continual  increaae  in  intenaity  ia  noted,  the  iirat  meaaurahle  intenaity  ia  rluaien.  The  abaciaaa  repreaenta  the 
temperature  ran|;e  of  the  optimum  atreamline  through  the  iairtberm  rihimn.  The  ordinate  valuea  are  the  average  wind  apeed 
along  the  optimum  atreamline  weighted  by  eye  according  to  the  intenaity  of  thermal  gradient  in  each  aection.  The  family  of 
curvea  ia  labeled  in  intenaity  acalc  valuea  for  the  initial  atrength  of  the  new  cyclone. 

rnunta  of  leaa  than  16  but  iiatially  front  8 to  l.>.  Fillrra.  of  roiirae.  tliHa|)|iear.  Frequenry  of  diatribution 
of  the  three  atorm  riaaaea  ia  indicated  in  the  a|)|)ropriate  areaa  and  the  graph  ia  obvioualy  a valuable  fore- 
caating  t<H>l.  All  ilata  for  thia  graph  were  taken  from  the  prediction  charta  apprt>ximately  18  houra  prior 
to  the  apfiearance  of  the  firat  cloaed  iaobar. 


1.6.  TIIK  FlITURK.  TRACK 

The  initial  eatimate  of  the  tracjt  «tf  the  reatilling  aittrnta  ia  choaen  aa  the  mean  lietween  the  ateepeat 
portion  of  the  eaatern  trotigha  of  iaothcrnta  and  height  foiitotira  juat  caat  of  the  cold  air  injection  at  the  time 


Fip.  I t.  The  first  slap-  nf  a miilli|ilr  riirrrlnlinn  trrlmi<)iir  for  forrraslinf:  ihr  maiimiitn  intrnsity  in  nrw  rvrinftrnrtir  raars. 
Tlir  figiirrs  riiti-rril  art-  ihr  maiimiini  inlriisilics  nf  llir  nr»  ■•yrlonr  in  ihr  first  Mt  hours  of  its  rxistrnrr  (,')  l hours  from  forrrasl 
time).  The  trm|ieraturr  rancr  anil  average  uinil  s|>«i'il  were  ilrscribril  in  the  lr|;rnil  for  Kiit.  13. 


when  [treilii  limi  ran  Im-  inaile  (/'-lliMirl.  Mf;nre  H riitilaiti'  an  illnsiraliii'i  of  how  these  are  ehosen.  This 
ilireiiion  is  liirn  rorrerled  in  arrorilanre  with  the  relalioiislii|)  e\|iresseil  in  I'io.  IT.  I'here  are  iH’easioiial 
lar};e  ile|iarliirrs  from  forerast  values  of  |hi«  rlrinetil.  W hen  the  aiti|ililnile  of  the  isotherms  is  less  than  10° 
of  latitmle  ihroiirh  the  renter  of  rohl  injrrtioii.  the  new  r\rloiie  will  iisiialh  riir\e  to  a roiirse  of  west  to  east 
within  l!  I hoiir»  r\rii  if  its  initial  roiirsr  is  iirarix  iiorthrrK. 


1.7.  ’nil:  I’lfi  DicTi  i)  si*i;i,i> 


1 he  s|M'eil  of  the  new  r\rlonr  is  rrlalril  to  the  liTtl-nih  thermal  rrailient  to  its  northwest  anil  to  a repre- 
senlati\e  )i.i0-mh  wind  s|M'rd  in  the  area  hrtwern  I!/  aitd  the  liM'alion  of  rM'looetiesis.  I•'i);^^re  18  ex|»resm*s 
this  relationshi|i  mimrrirally  . I hr  rr'iill>  of  a test  of  the  iiide|iendrnt  data  sample  for  Inith  initial  traek  atid 
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Ki^:.  I » I !»•  -rmnd  "l«pr  of  a muUipIr  rofTrUtion  trrhni<|ur  f<>r  f((rrra!>tin^  ihr  maiimtim  intrn!*ity  of  nrw  ryrloni'!*.  Thrw 
piir<inuMrr'>  .ir<*  IhiiIi  tiliiainrd  from  thr  5(NKml>  chart  at  the  time  the  prcHiclion  in  made.  I'hc  tipiircH  arc  apain  the 

mdximiim  inicn^iiy  of  thr  rr^iilting  cyclone.  'I'hc  circlr<l  tigurra  refer  to  filling  (itormi*.  'I'he  trough  Kharpnc«A  i«  the  i*amc 
paratiictcr  ii-cd  in  i Category  IV  for  determining  deefiening,  i.e.,  the  height  difference  in  feet  fietween  the  trough  line  and  a |*oint 
liMN)  milen  ea^t,  pluM  the  name  measurement  KNNI  miles  west,  all  taken  at  the  latitude  of  predicted  ryclogenejiis.  hen  the 
trough  is  more  than  UNNt  miles  from  the  predicted  rych»genesis,  il  is  carried  to  the  final  correlaticm  graph  (Fig.  16  as  zero)  unless 
its  eitra|>olated  movement  brings  its  prcwlicted  hication  within  the  HNNKmile  range  within  24  hours  after  the  time  of  prediction. 
The  full  value  of  the  parameter  is  then  used.  In  some  cases  the  sulisequent  sharpening  or  flattening  of  troughs  is  apparent  and 
may  he  allowed  some  suhjiM'tive  weight. 

The  temperature  differences  between  the  trough  line  at  the  latitude  of  pretiicted  ryclogeneais  and  a point  1000  statute  miles 
eastward  are  used  as  ordinates.  I'he.  differences  are  considered  positive  when  the  warmer  air  is  at  the  eastern  point.  Negative 
differences  are  shown  as  zero  on  the  figure. 

an*  given  in  Talilrs  2 ami  .3.  Il  olivioiis  friMu  |Im*m*  that  the  large  variatiom*  front  forecast 

values  will  Im*  rnrourilemi  not  iiifn'i|iit*nllv . T'liis  is  lianlK  surprising  eoiistdoring  that  the  forecast  is  made 
some  IK  hours  U*fore  the  cvcione  is  even  in  existence  and  the  .situation  contains  inherently  large  values  of 
acceleration.  Nevertheless,  these  forecasting  relaliottships  still  cf>nlain  vahiaidc  inft>rmation  and  are  sii|)erior 
to  any  snhjcctive  method  pres<*nlly  available. 
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Fi^.  16.  The  final  correlalioo  for  predkling  naiimum  inlenaily  ot  the  new  cyclone.  The  nrdinate  repreaenta  the  valuea 
ohtainrd  from  the  preliminary  (traph  of  Fig.  14  and  the  ahaciaaa  repreaenta  thoae  obtained  fmm  Fi(.  15.  The  three  areaa  are 
plainly  delineated  and  the  auggeated  forecaat  for  each  area  ia  noted  therein. 


1.8.  F,XCF,PT10^S 

1.81.  Special  Category  Cydones 

Sfierial  category  cyclone*  (deBned  in  the  section  on  Category  IV  cyclone*)  are  always  intense,  slow 
movers.  Frequently,  at  one  stage  in  their  history,  they  move  in  a direction  west  of  north.  Normal  fore- 
casting methods  are  not  used  with  these  storms;  instead,  the  following  rules  are  titiliaed.  A center  jump 
almost  invariably  occurs  and  should  always  be  forecast  approximately  due  east  of  the  original  center  and 
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Fip.  17.  <-<irrr«-n<tn  tu  In-  n|<|tlMMl  to  ilir  initiiil  ilirfi-lmn  ilftiTniinril  fri>m  lh»*  orirntatiimv  of 
roiitiiiir!*  ami  i^ollo-rni**.  *1  lo-  alori«.i  is  nf  ihf.  m-H  r>rlonr  ilrtiTniiiiril  from  Ki^.  If>  a« 

fotloH  s : tin*  rur\  r sr|iara1  irif:  "lillrrs"  from  minor  m-loiirs  rr|>rf'si>nls  a \ atm-  of  K.  ihr  riir\  r st'|>a- 
rating  minor  ry  lours  from  major  ry  lours  rr|»rrsrn|s  a \ aliir  of  lf».  ami  \ aria  lion  of  intriisiir  nor- 
mal In  tlirsr  riir^rs  is  assnmril  lo  lir  liiirar.  Tlir  orilinair  is  llir  ili-sirril  rorrrrlion. 

riiiio|i|\  mill--  frnlii  il.  In  mu'l  I a-rs  it  luki-'  plarn  lalrr  tlian  tin-  nli-rrMT  mihiM  lir  Iril  to 
(ii'lii’ralK . a si-riiinlarx  sliirin  fnrtnaliiin  fiillniss  rlii'i'lv  In  tlir  MiiitlirasI  nf  llii'  ri'nlrr  jiiin|i  |iiisitioii.  and 
tills  stiirni  iisiialL  ili’M'ln|i.  and  iH-rniin-s  tin-  dniiiinanl  nia|i  fi'atnrr. 

1.8J.  ('old  Tonf’iii's 

(Vrasiiinally.  a rarrfnllv  drawn  ii|ijht  air  idiarl  will  r«-\«'al  a Innoiir  of  cold  air.  cnr\rd  cvcionically  and 
usually  with  a cinrcnt  of  air  of  jcl  stream  confif^uration  lia\iiio  an  axis  near  the  cold  air  axis,  .''ncli  iH-ciir- 
rrncfs  may  Ih-  found  at  any  Icxcl.  lint  need  In-  |iresenl  at  onl>  one.  ^ lien  enconniered.  siieli  cold  lonoiies 
require  all  normal  forecasiino  nielhods  to  Ih-  i|>nored.  deeji  cyclone  is  forecast  18  hours  later  for  a jMiinl 
alMMit  KMHI  miles  downstream  aloiio  the  axis  of  the  cold  tonoiie  which  is  extended  in  a smiMilh  curve  and 
alHint  i^lHl  miles  north  of  the  curve,  dare  nnisl  In*  taken  to  require  a real  cold  lonene  lii'fore  making!  this 
forecast  for  there  are  many  in'casions  when  isotherms  assume  an  S sha|N'  without  haviiij;  the  required  narrow 
tonpiie  characteristics.  .Sometimes  new  cyclones  form  at  the  |ioint  mentioned  and  at  times  already  existinf; 
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52 

350 

38 

15 

82 

410 

92 

70 

38 

23 

15 

4 15 

30 

9«» 

20 

25 

Table  3.  Rerapiliilalion  of  Table  2. 
(Perrenl  of  Occurrenrei*) 


Krror  

laTfka  than  1 1 

11-20 

O»er20 

Initial  Traci 

40 

30 

30 

S|»wmI  

55 

20 

25 

Both  Within  Limita 

27 

23 

50* 

• Kithrr  aprrfi  «>r  fliwt  inn  miflanl 

mnrr  than  20  (ilr|trre»f 

for  ilirrrtion. 

mph  fnrapeed). 

MAXIMUM  TEMPERATURe  DIFFERENCE  IN  NORTHWEST  QUADRANT  (*0 

Fi;!.  1H.  \ f«»r  ♦''•(im.'ilinc  fin*  of  ih#*  eirn  r\«  lM|ir.  I irf'O'lroitliii  Himi  «t  «i  rrprr»‘rnlrtli>r  in  ihr  «oiith- 

Hr?*|  f1*)H  In*!  Hf’f’ii  t hr  r«*ntrr  *rf  iiijcrf  loll  «mmI  t h»‘  |irr«h<  lr*l  |H««>itioii  of  !>.  ptoi  tr<l  a**  I hr  or<hnalr.  *rh«*  poiiiN  of  the 

al  rf’|>rr«f’iii  tfii*  |rnt|M'r«i(iirr  difTiTf'iM'**  iitra«iirr<l  lH*tHrrii  thr  oil  t hr  Ilf  thr  <'% i'lo|*r nr«i«  liiir  i*ithin  JiH)  or 

.ilMl  niilr«  of  I hr  prrdirtril  po«itiori  of  I hr  rirH  « for  111  M hull  u ill  iri\  r I hr  m.ixiiiimii  trni|irr.ittirr  i|ifTrri*nrr  to  a |Mnn(  IIMH*  niitr« 
in  thr  nortlmr?>t  i|i]M«lrant-  I hii  mra*.ijrr  in  llrxihlr  nirirr  fM'i  a<‘ioiialU  '•mall  diffi'mirr*-  in  rhooninp  thr  |N>nition  of  prnlirtril 
rxrlo^rm***i»*  (Hhirh  frr<|iiriitU  in'riir^  max  niakr  l.irrr  ihrfrr»'nrr*  in  ihi’»  t«'ni|HTaliirr  iliffrrrnrr.  All  mraMirrnirntw  an*  taken 
at  H.V)  mh.  U hrn  thr  tfro-trophir  niml  nira**urr»  mph  or  lr%n  nr  x^hrn  thr  'oulhrrnmoni  rontoiir  around  thr  HfilKnih  troiifih 
liet*  north  of  thr  prrdi«*li*d  |Hi«>ition  of  «•>rloJ;rnr•*l*•,  a •|M*rfl  of  Jtt  tiipli  i*  prrihrtril  arhilrarilv. 


EXPLANATION  OF  SYMBOLS  FOR  FIGS.  IB  THROUGH  SI. 


L 996 
P-HOUR 
P + 15 


AT 


PRIMARY  LOR  CENTRAL  PRESSURE  BBS  MB. 

HOUR  AT  WHICH  PREDICTION  CAN  BE  MADE. 

IS  HOURS  AFTER  TIME  OF  PREDICTION. 

CENTER  OF  SECONDARY  CYCLONE. 

SYMBOL  INDICATING  A COLD  AIR  INJECTION. 

CENTER  OF  COLO  AIR  INJECTION. 

DIRECTION  CHOSEN  FOR  STEERING  FROM  ISOTHERMS. 

DIRECTION  CHOSEN  FOR  STEERING  FROM  CONTOURS. 

the  difference  in  temperature  at  aao  mb  measured  toward  cold  air  from 
THE  predicted  point  OF  FORMATION  OF  THE  NEW  CYCLONE  AND  OVER  A DISTANCE 
OF  1000  MILES 

ISOTHERMS  (s“c  INTERVALS!. 

CONTOURS  (XM  FT.  INTERVALS). 


Fi({.  19.  A form  of  npprr  air  paltrrn  anMirialril  »illi  rjrloprncxii*  r>rn  in  ihr  aliarnrr  of  any  «"olil  air  injrrlion  at  8.10  nil>.  \ 
pAttrrn  aurh  aa  ihia  proliably  inaurra  alron;:  ryi*!opniraia.  It  may  Iw  prrarnl  al  anv  Irvrl  up  lo  .100  ml»,  Imt  ncrti  l«*  prrarni 
at  only  onr  of  thrm.  It  «aa  fairly  rarr,  iMfurrinp  only  alonit  aii  timra  in  tlir  four  yrara  riaminrd;  liut  in  rvrry  raao  it  waa 
Raaoriatmi  with  a alronp  ryrionr.  It  ia  im|Mirtanl  not  toronfiiar  tliia  pattrrn  with  an  ordinary  S aha|<r  to  thr  iaothnrma  whirh 
are  handled  in  the  ordinary  faahion.  A diatiiirt  narrow  tonpur  of  odd  air  movinp  at  hiph  apeed  ia  nerraaary. 


\ ^ 


Kitf.  \ |Mn«'rii  ,it  l\w  H.V'  rnli  IrvrI.  \[|h4>ii::h  .1  • •»M  «nr  tion  i-*  pr*  M'nt  M>*  r ri<»  r> rlu^rmr-i* 

cK'('ur«  llir  Hnv*  I*  «ii«'ii  !<•  ruiiv*  (lu*  |iriii<  i|'tfl  10  Ui*-  ^ « unu  *•[  lh«'  to  Ik-  j |K.rhirlMli«»n  in  u l>ro«il 

rurrrnt. 


Fig.  21.  A frrqurnt  pattern  Ahrming  a Hoiililr  injrrlian.  TIiin  «i^uall>  nitli  drrp  ryrlonrit  nhirh  tnovr  ofT  liking  Hith 

them  a ryrlonir  injrriion  rkmr  to  thr  rriilrr  l*iil  grathiuliy  ira«  ing  iN’h'ml  a ^traiglit  line  or  orii  an  Hn(i-4*>rloniralh  ntr>nl  onr. 
I'hr  (iintanrr  tmtwrrn  thr  rrntrr  <»f  thr  nl<iriti  anil  ihr  iN»iillirriim«M>l  rriiirr  of  iiijrrthtn  iilioiild  he  ummI  |o  delermiiie  if  new 
ryclogrnritin  wil!  omir.  Thin  aorl  of  douhlr  orrurrrnrr  alntt  iM»nirtimr«  hapfiriut  when  two  maiima  of  wind  it|M*rdN  are  !*eparated 
by  dii4tinrtly  h»wrr  valum. 


u 


Fif-  *2.  H.Vi-nib  a|i|KMr«inri'  <>f  ^ «|mh  in^  t > i'mmI  "toriii  u hirh  rmirvr^  to  t)ir  ra»*  h ithin  tlir  fir^t  2 I hoiir«  of  it«  rs)>>t*’nrr. 
h«’jL  th«*rmal  <:rj(ji<'n(  to  th«'  «-omt<ih(*<l  Hitli  ihr  Hrak  hiiuI  tirM  promise  thr  kIoh  movin;:  fraiurc  nhilt*  the 

amplitixlr  «•(  (lir  i*otlii  rti)'>  t«>  ihr  < iir\  iti^  path. 


Fig.  23.  8r>0.rnl»  rliarl  ap|N*aranre  of  a faat  moving  fttrvrm  whirh  ilore  noi  ri'riirve  to  the  eaat  within  2 i houm  of  itf*  inception. 

Note  the  imitherm  amplitinlr  i;*  larcc  (17)  which  imlicaleM  iioii>ciirvature  ami  the  giMni  grailient^  of  wind  ami  lem|HTHltire  l«)  the 
Dorthweat  and  went  of  the  predicted  |N»ei(i<in  of  formation. 


rif.24  \rtu4l  riiini|)ir.  H'lO  fiil»  rh.irt  for  , 1|  I K'to)»«*r  \n  ri.itiipir  of  rvr)'»|!rnr«i«  n^ar  Sav«inniili. 

24  bour*  iftrr  thr  paltrrn  Iti  ttii*  rtirt  atur**  to  tlir  rj»t  have  lirrn  forrr«i«t.  mi  the*  |irt‘(lirtni 

l<K'atioci  at  /*  -•  (lO  iirar  llaitoraii  %»oul«t  lia^r  !»o<-n  in  rrror. 


Fig.  2.5.  Artii.l  namplr.  KSO-nil.  rh.rt  f..r  22WF.  ft  N,.v,m»Kt  IW.  Although  tlir  primary  low  in  Wiwonriii  ia  derp 
(VMi  mh),  llir  diatanrr  t<»  tlir  T riaa  injrrtion  ra'iwa  a pr.Mlirliitr  «tf  ryrlngrnraia  which  actually  <iccurml  near  .Augiiata,  (rcorgia, 
and  liccamr  a faat  moving,  atrong  cyclone  atarting  IH  Innira  after  ihia  map. 


Fip.  Actual  eiamplr.  K50.ml»  chart  for  lOOOK,  14  Novcmlirr  IP47.  A Hrak  Ii»w  ia  formr«l  near  ('haricaion.  South  (!aro- 
liiia,  IH  hoiira  after  the  Triaa  injection  pattern.  Note  the  ciirvini;  path,  the  hm  amplitii<le  of  the  iaotherma,  an<l  the  iiorllierK 
location  of  the  new  at«irm  with  reapect  to  the  center  of  injection. 
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Fi«.  28.  Actual  eiamplc.  8S0>mb  chart  for  2200K,  23  Novnahcr  1Q47.  A renter  jump  raac.  A primary  cyclone,  central 
prcMure  of  lOOS  mb  ia  only  iSO  mile*  from  renter  of  injection.  Note  tbe  ratterly  roune  of  the  primary  cyclone  which  i*  a 
requirement  for  tbe  center  jump.  Timin|>  i*  aUiut  the  rame  on  renter  jump  raiw*  a*  for  new  ryrlof>ene*i*  and  the  action  usually 
take*  place  well  north  of  the  latitude  of  the  injection. 


Fift.  2<).  Actual  eiample.  HSO-mb  chart  for  lOOOF..  7 Ilerember  1947.  A ne|(ativr  ca*e.  The  injection  while  of  earellent  defini- 
tion i*  only  SfiO  mile*  from  the  renter  of  the  eurface  low  renter  which  ha*  a central  preiwure  of  992  mb.  No  ryrhiftrnr*i«  would 
lie  predicted  rarept  for  deepenin|t  of  the  primary  h>w  and  that  i*  what  occurred.  Such  ra*e*  uaually  leave  a temporary  weak 
bar  metric  depre*«inn  with  no  bad  weather  a**ociatrd  to  the  *outhwr*t  of  the  renter  of  injection  but  in  thi*  paper  the*e  have 
not  lieen  termed  cyclonea. 


I 1^:.  Nrtuyl  r^ymplr  <if  ihr  pmlirtinn  fa^^nr^  onirrrn«*«l  %*ith  tlir  •*ti»rni  **f  2t>  I)ro*mlH  r 1‘>I7  Hhn  )i  w.i- 

to  hy\r  inolirfi  of  to  fall  on  Nr«  ^ drk  < ill)  a *|»a<'r  of  «i  f**««  hoiir».  I i»  y |M>riton  of  the  m.ip 

for  |JMH»|  . J I I )(•<*<' rtilMT  PUT,  rtiul  lli«*  iiirt  IxmU  a forr«a*i  of  .1  n»H  rvrlon.*  . il»rr  h .i*  no  pmn.trx  ' v^miM  h.ixr 

iM-rii  iMjiir  rlo«t*K  III  yri'orilyiirf  (hr  artual  trark.  oiiml.  ami  itilrti»it\  Hlnih  i*  »liown  hrrr.  Iho'  to  <iirx.iinrr  to  ||i«' 

r .1-1 . Hit  |trm|M(a  (ion  or  rffrrt  oil  \«H  ^ork  uoiiM  haxr  hrrii  fomM»|  .it  | hi«  tiinr , I or  I hr  romli  I »on%  prri  ritm::  t lir  .0  t ii.i! 
• lorin  H liirh  r.iii«r(i  (hr  -iioi^f.ill,  «<-c  h i|:  .11 


f ig.  31.  A i*rr(ion  of  ihr  TtHt.mh  chart  for  IIHHIK,  23  DrrrmiNT  I*M7.  The  r<ihl  tongue  t\|H*  of  injection  ii*  clearly  vi.nihlc.  No 
injection  naa  iliMccrnihIc  at  K30  mh  hut  a similar  cohl  tongue  waa  a|i|i>arenl  at  300  mh.  Many  analynea  niumeil  the  i^mall  ttorm 
iii-*ru*narfl  in  Fig.  30  moving  northweMl  ami  canning  the  nnou  at  New  hut  a careful  check  clearlv  nlumn  that  it  aciiiallv 

follow  ed  till- 1 lath  imiicatcti,  while  an  entirely  new  ntorm  f<»rmed  off  nh<»re  an  indicated  to  ca  tine  the  New  York  nnow . IVr  dirt  ion 
wan  |MWMble  from  llm  chart. 


storms  inoM-  to  the  m|uir<'(l  |Hisitioii,  Iml  in  •■\rrx  ra>«‘  riii-oiintcml  in  tliis  invi'sli(:ation  oiu-  or  tlic  (ttlier 
has  04'iiirr«‘»l.  lloMc\<'r  these  eases  are  rare.  I i;;iire  1‘)  is  an  exainple  of  this  t\jM-  of  sxiioptie  situation. 

l.B.'h  I ir\  l.inc  /,ei»7  Inji'itiims 

Tliere  were  a nuiniH-r  of  <M'easioiis  (hiring:  this  stii<|\  when  minor  ilepressions  forme<l,  partieularlv  alonp 
the  east  coast  of  the  I iiiteil  States,  and  |M*rsiste«l  for  a dav  or  two  without  an\  injection  la-ine  diseernilde 
at  the  K.')0  mh  le\el  or  alioxe.  In  praetiealU  all  <if  these  eases,  an  I'xamination  of  winds  at  2<HH)or  .KMM)  feet 
disclosed  a distinct  cold  air  injection  (nsin;;  the  isotherms  at  HoO  ndi]  takin<;  place  at  levels  ladow  the  K.'rO  mb 
lexid.  Aeeordin>;l\ . it  is  neeessarx  to  Im-  alert  to  this  |H>ssiliilit  v if  the  optimnin  forecast  eHieieiiex  is  rerpiired. 

These  storms  nexer  amount  to  r.ore  than  minor  depressions  lint  despite,  or  |M'rhaps  iM’eaiiM'  of.  their 
weak  pressure  eradients,  thex  freipientlx  eaiisr-  the  most  widespreail  and  |MM>rest  living  weather  of  anv 
class  nf  storms.  T hex  constitute  less  than  .">  |M‘reent  of  all  ex eloeenetie  eases. 

I. HI.  St'imlitv  1‘ath'rns 

An  injex'tion  is  not  fidlowed  hx  exelopenesis  when  the  flow  pattern  is  part  of  a jzeneral  northwest  flow 
to  the  east  of  the  injection.  Fipure  20  illustrates  such  a ea.-s-. 

t.<».  KX.XMPI.KS 

.‘some  illustrations  of  the  teehniipie  for  foreeastin:;  eM  lneene-is  and  the  related  problems  are  presented 
in  Fitts.  21  throui:h  .U.  whi<  h are  actual  eases  from  the  d.it.i  sample  isee  Vp|M‘ndi\  IK  The  fittun*  le<tends 
[Hiint  out  in  each  eas<-  |>*-rtiiient  features  of  the  prohlem. 

A sample  worksheet  for  practical  application  of  this  foreea'tiii|t  leelmiipie  can  la-  found  on  |Nit:e  50. 


r>(» 


uoKK  iok  <:y(:i.o(;km:sis 


ALWVYS  VIOHK  i Mil  SlOl*  iMli  MS  <\N  Hi;  CIIICKI  1)  OH  SIUI  T IS  COMIMKI  KD 


1 )«K*' 

an  inje«‘tion  eiint? 

.S'KJl' 

(a) 

.\l  H.")!*  iiih? 

(h) 

At  IrvrU  Itelow  8.30  inh? 

(See  pape  49.) 

\c) 

(lohl  tonplie  at  ail)  le\el? 

(.^ee  pape  39.  ) 

If  to  ail  3 iit  no,  th'*n  rlirrk  nitijt  niluniti  h*‘rr  atnl  f«»rr4'jiht  no  r%rlo^rnr^iN  of  any  Liml.  If  to 

Uh)  or  lie)  forroa^t  in  nrrord  ith  ami  if  I la) 

2.  Kirnt  dat('  ami  tiim*  iiijrction  .i|i|MMrr<l  If  iiijrrtion  liaM  liatl  rontiniiity  from 

pri'i'iMiinj:  Mill  it  niiii|iIn  .o  ( l<>  a forrt'anl  of  r\r)o^riirNi»  (mit  pa^r  24). 

If  aiiHHrr  vr*»,  rh»*«'k  “toiM  oIiimn  hrrr  ... 

I f (I;  i^  north  of  37  latitinlr  34  )« <'li«*t  k Kiopcoliimii  lirrr  if  uppropriatr.  . . ..  

3.  S|M*rial  rai*«*a, 

(a)  I h»<*»  a m*)*dti\  r |ialtf‘rn  r»i-«t  at  M.'iO  nili?  Sf«*  Ki|».  20 

If  f»o.  for*T»i-t  no  ami  rh«‘<  k f*to|»  hrrr.  ... 

(.h)  N t)o‘  pari'iit  r\r)om‘  S|w‘«-ial  (!atr^or>  ioa*'  |»af*<'«*  38  amlll4).  ...  ... 

If  *o,  for»*oa'*!  a**  iii'*trm't«‘<l  an«l  « 'top  lirrr.  ...... 

(o)  |)«K'<*  a •»iihj<M'ti\ r rr\ir%»  of  thr  .3(NKnih  rhart  imliratr  tlrfinilrlv  iinfavitfahlr  romlitionit 

for  orloj;riir«i«.''  iPag«’i*  34  ami  99  amt  Kip.  03.)  If  iM),  ron*>n!rr  all  Hiihr^rijurnt  limlinpi^  in 
thi«  liphl. 

4.  ( lour^r  of  parrnl  r>  rlonr  , . (<lrp). 

IV<'<li('tr<i  I K-hoiir  po«itioti  (|<Malion). 

If  JH.hour  fiituri'  ronr**<’  i"  hriMr«-n  61  and  l0|  anti  lK*h«»ur  |M»«ition  hr»*  in  rirrlr  of  Kip.  6,  pmlirt  rrntrr 
jump  from  iK.liotir  |Hi«iiion  ami  chrrk  «top  h»*rr  (forrra«t  in^triirtiona,  papr  29 ) 

5.  If  (Mthrr  romlit  on  tii  lim*  X i«  not  mrt.  pr<M  <*«M|  to  ilrtrrniine; 

(a)  Di*tanrr  lM'tMr«*n  < ’./  an<l  rrntrr  <»f  parmt  Ioh  milru. 

(h)  Ontra)  ^ra  lr\rl  prr^ftiirr  of  parriit  Iom  ml». 

( ion'll! t Kip.  H.  If  |Hijiit  fall'  1»t1oh  thr  nir\ r.  forr<*.i't  iirr|»rniiip of  parriit,  nor>r)ogrnraia  ami  rhrck  t>top. 

6.  If  {Miint  in  Kip.  H fall'  ahovr  rur%r  f«irr<M't  r\«  loprnr»»i'  at  raat. 

7.  I.oration. 

(a)  (ion'triirt  kidnrv«rlia|M'<l  arra  on  Morkinp  rliart  from  Kip.  10. 

<1>)  hat  i' matimiim  r.uipr  of  |rm|»rraturr  in  i'othrrm  ril»lN»n  in  .3.V)  milr'?  ( (i). 

Korrt'a't  'anir  l.ilitmir  a«  ( . / if  7 >=  13  ; for  liiplirr  > ahira  mo%r  'mith  in  thr  kiilnr\  arra,  ami  for 
loHrr,  iiortliM ani. 

(r)  U hat  i'  mran  onrntation  of  'iirfai'r  front?  (drp). 

\ hr  nmrr  norlh-'oiilli  thr  front,  thr  farthrr  north  ryrioprnrri'  nlHnihi  l»r  forrra't  (M*r  Kip.  1 1 am! 
papr  32  ). 

(d)  If  no  parent  Ioh,  forrra'I  ryloprnr'i'  in  'oiilliHrat  |M»rtion  of  kidnry. 

(r)  If  rnnflirt  in  thr'r  indiralioii'  f«»rr<'a'l  'amr  latiltidr  a«  i',t. 

iVrdirtril  ha'ation  of  r>rloprnr'iH  

8.  fntrn'ily. 

(a)  H.VKmh  trm|K*ratiirr  ranpr  of  injrrtion  . . 

(h)  K.')0.mh  avrrapr  nind  in  injection  . (kta). 

Initial  intm'it\  of  nrn  'torm  from  Kip.  13 

fr)  .'WNKmh  troiiph 'liarpnr"  (rorrrrtrd  for  latitiidr  hy  tahir  on  papr20)  (ft), 

(il)  .VNI-mh  temperature  pradient  ItNM)  mi.  ea«t  <»f  Irmiph  ( (i). 

.**«torm  interi'ity  predietion  Kipn.  H.  1.3,  16  . . 

9.  InitiaM  ioiir'e. 

(a)  Orientation  of  ronlour'  8.30  mh  

(h)  t trii'iitation  of  i'otherma  H,S0  ml» (drp). 

(e)  Xmplitiide  of  iMitherma (lat  ). 

(d)  Koreea'I  inteti'ity  from  Kip.  16  ...  . ... 

f rom  a\erape  of  9(a),  (h)  rorrrrtrd  from  Kip.  17,  initial  rotirar  ia  forrcarl  an . . (drp). 

10.  Speed. 

(a)  Nepre'entative  prtiatrophir  wind  830  mh  (kta). 

(h)  S'l  MHMI  mile'  nortliwrat  from  ryeloprnr.aia  (8.30  mh)  TK*). 

Krom  Kip.  18,  n|irrd  i'  forrraat  for  firat  12  houn  aa  (mph). 

11.  Veritiralion. 

( ieiitrr  jump.  (!yrloprnrai'.  N«  rycloprnraia  ocriirrrd.  (('irrir  onr). 

'Kime  formed raat.  fairaliori 

Initial:  I'rark  ...  ...  S|wrd  Intraaity 

MmnXmum  inUmatty  m 30  Utmn  alter  locwatioa  

Remarkt: 
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Fig.  r.H  Actual  etampic.  flSO.mb  chart  for  2200K,  23  Norcmber  1<>47.  A renter  jump  raae.  A primary  cyclone,  central 
preMiire  of  1005  mb  ia  only  tSO  mile*  from  center  of  injection.  Note  ’be  eaetrriy  couree  of  the  primary  cyclone  which  ie  a 
requirement  for  the  center  jump.  Timing  ia  alniut  the  aame  on  renter  jump  raaea  aa  for  new  ryriogeneaia  and  the  action  uaually 
takea  place  well  north  of  the  latitude  of  the  injection. 


Fig.  20.  Actual  eiample.  RSO.mb  chart  for  lOOOF.,  7 December  1947.  A negative  raae.  The  injection  while  of  excellent  defini- 
tion ia  only  560  milra  from  the  center  of  the  aurfaee  low  center  which  haa  a central  preaaure  of  992  mb.  No  cyriogeneaia  would 
be  predicted  except  for  deepening  of  the  primary  hiw  and  that  ia  what  occurred.  Such  raaea  uaually  leave  a temporary  weak 
bar  metric  deprraaion  with  no  bad  weather  aaaoriatrd  to  the  aouthwral  of  the  renter  of  injection  but  in  thia  paper  three  have 
not  been  termed  eyebmea. 


I 1^.  in,  >riu«il  of  (lir  |»r<Mlirliofi  f^rl«ir»  nith  tlir  »>tnrrn  i>f  I )rri-ml»«'r  I'>IT  nhirli  h.i« 

to  2(*  itK'hrit  of  •iioH  to  fall  on  Nr%»  ^ ork  ( !il>  Hithin  a »|»arr  <»f  a frH  lii»ur».  I hii>  a |H»rii«*n  of  lh<*  m.i|» 

fi.r  MmniI  . 2\  1 K’ri'iiilM'r  MM 7.  ami  tio'  mrt IhmU  a f«»r**«-a>i  of  a « vrlon  * > llo-rr  h a>'  no  |inm.ir>  ' hoiiM  lia\  r 

Im-i-ii  iiiailr  rIo-i'K  in  .n-ror«lami-  Hitli  tin*  artnal  tra<'k.  ami  hIiiiIi  i«  »ht>un  li*‘ri‘.  Mor  to  <ur\.iturr  to  tlir 

r.i^t . iio  |in-<  i|Mtalioii  or  <'fr«*rt  oti  Ncu  ^ ork  u otiUI  lia  vr  for(*4'a»t  at  tln«  Him*,  f or  I hr  romiitioii^  |»rri  • liin::  tin-  a*  I n.ii 

‘toriit  >4  Im  fi  (-au*r«l  llir  »mm  fall.  «rr  l ij!  .11, 


f 31.  \ Mrrtion  of  ilir  7iMKmli  rharl  for  25  Drcrmlwr  l^>47.  Th^  cold  tongur  t>  |h*  of  injrrtion  i»*  rlrarly  % %«* 

injrriioii  hah  lii^rrmiblr  at  H.5t)  mil  Init  a similar  rolfl  lonpir  waa  a|i|>arrnt  at  5(M>  mli.  Many  analy^cf*  nhoHcd  ihr  »»mall  -lorm 
<li-rii*t>tril  in  Kit;.  mo\inp  nortliHrMt  and  raiminf;  ihr  anow  at  Nrw  York,  lint  a rarrfiil  rhrrk  rtrarlv  alnma  that  it  artiialU 
folloHrd  itir  path  iiidiralrd.  h liilr  an  rntirriy  nrn  atorm  formed  off  nliorr  aa  indicated  to  caiiac  the  Nch  York  an«m . I'rrdirlioii 
Haa  |MiHailile  from  thia  chart. 


^t<>rn)s  nio\f  to  tlio  r«‘()iiir«Ml  |Hii>itioii,  liut  in  l•n^•olInll•r(■<l  in  tlii-  •ntrstif'ation  one  or  the  other 

has  OiTurretl.  llo\«e\<'r  ther-e  arc  rare,  l i^iirc  I*)  in  an  c\ani|ilc  of  thin  of  ntiioplic  nitiiation. 

1.83.  1 erv  l.im  l.tt'rl  InjtTtions 

There  uere  a nninlMT  of  iM  canionn  iliirine  tliin  ntmlv  ulieii  minor  ilepresnionn  formed,  partieiilarly  alonp 
the  rant  eoant  of  the  I nited  States,  anil  |>i-rsisted  for  a day  or  two  without  ant  injeetion  ladiip  di»eernihle 
at  the  K.'iO  inh  letel  or  alnite.  In  praetiealK  all  of  the~e  eam-s.  an  evamination  of  wimN  at  2(MK)  or  3(KK)  feet 
di'i'losed  a dintiiiet  cold  air  injeetion  (ilniiip  the  isollieriiin  at  K.'iO  mill  takinp  place  at  levels  lielow  the  H.'iO  mh 
le\ad.  Aeeordinpit . it  in  neecssarx  to  Im-  alert  to  thin  ponni|ii|it\  if  the  optimum  forecast  efTii  ieney  in  required. 

These  storms  never  amount  to  more  than  iiiinor  depressions  hut  despite,  or  |M‘rhaps  U'eausi-  of.  their 
weak  pressure  gradients,  thev  frei|uentlv  i au-a'  the  inost  widespread  and  jMsirest  flyinp  weather  of  anv 
class  of  storms.  ’1  hcv  constitute  less  than  ."i  |H'rceiit  of  all  cvelopenetie  eases. 

1.81.  .Vei!o/irc  I'uthms 

An  injection  is  not  followed  liv  cvciopenesis  when  the  flow  |iattern  is  part  of  a peneral  northwest  flow 
to  the  east  of  the  injection,  lipure  2(1  illustrates  such  a ca-a-. 

1.<J.  KXAMI’I.KS 


Some  illustrations  of  the  technique  for  foreeastmr  eveloecnesis  and  the  related  prohlems  are  prcsi-rited 
in  Kips,  21  throuph  31.  which  are  actual  ca«es  from  the  d.it.i  sample  > scc  \p|n-tuli\  I).  The  fipure  lepends 
|M>int  out  in  each  case  |M'rtinent  features  of  the  prohleni. 

A sample  worksheet  for  practical  application  of  this  forecaslinp  lechnique  can  1m*  found  on  jKipe  50. 


>\oKK  slii  i T l oK  <;v(;l()(;k\ksis 

\rw\vs  W(»itK  iMii  srnr  mu  \i\  rw  hi;  ciik.kid  ok  smi;r  is  coMm/iKD 

I an  injrrtion  riiMt? 

(ii)  At  iiili? 

(h)  \t  lrv**U  Itfltn*  H.'iO  nih'/  49.) 

\c)  (!nM  ti>llf!Ur  Ml  ail>  lr\«r.‘'  (Srr  39.  ^ 

If  ai.outT  to  tUl  .1  id  noi  th«*n  rlii‘rk  '*tn|i  roluiiin  iM'n*  forr4'a>«|  n«*  of  any  kind,  if  V(*h,  to 

UI>)  or  Ur)  forrradt  in  art't ini  v*  tl li  iti^lriiri ion»  ami  if  Ua)  pna 

2.  Fin*t  (latr  and  tiinr  injr<'ii<iii  .i|i|HMrrii  If  injrrtion  haw  hail  continuity  from 

|>rrrr(iin^  tn.<|i**.  niil  it  dini|it\  .irt  to  il«'<j»«'n  a |>rc%iou*ty  fiim-aHl  ra»«‘  of  cw'lo^<‘n(*Hi!>  (»rr  |»a^«*  24). 

If  an**ui*r  vri,  clirck  •«lo|i  column  licrc  . 

If  ( ; / iMiorth  of  37  lalitudr  (H«>r  pa^t'  34  U check  i»top  coinniii  lirrc  if  appropriate.  ...  

3.  S|M*cial  cancH. 

(a)  lloe*»  a m*};iiti%  r pattern  e»i*»t  at  H.Vt  mil?  See  Kig.  20.  ..  

If  iMi.  foreca**i  no  cy  cto)*rnL'!>i*«  ami  check  «top  here,  

(h)  tlic  parent  c\cloiie  S|M*cial  t ;atci;of\  (».«<•  paf;ef«  38  amlll^K 
If  <*0,  forecast  a»  in*«truc|e«l  an<i  check  »top  here. 

(c)  |)o«*«  a xiilijet'tM e re\  ie«*  of  the  34MI.mli  chart  imlh'ate  ilefiniteN  iJnfa%orahle  ronditiona 

for  clo^ene«i!«?  il'a):e«i  84  and  99  and  Fiff.  63.)  If  fui.  consider  ah  Miih»e<|uent  hndin^d  in 
ti)i*  li^ht. 

4.  (^our^e  of  parent  r\ clone  , , fde^). 

Predicted  IHdiour  position  Jlm-ation). 

If  IHdmiir  future  co»ir>'e  i«  hetviefn  6|  and  PU  nm/  )K*hour  |M»Miiion  lie*  in  circle  of  Fip.  f>,  preilict  renter 
jump  from  iKdioiir  |Hi*ition  and  check  *top  here  (foreca«C  in^triictionM.  pa|:e  29) 

5.  If  eiilier  comht  on  in  line  I i«  not  met.  pnH'eeil  fo  *ieterniine: 

(a)  Distance  lietHeen  ( 1/  an<l  renter  of  parent  loM  milea. 

ih)  Ontral  *ea  le>el  pre«f»ure  of  parent  lou  mh. 

( ion-ull  F it:.  H.  If  |>oint  fall*  Ik*Ioh  the  cur\  e.  foret  .i*t  «lee|»ening  of  parent,  noryrlojjenenin  and  check  *top. 

6.  If  {Hiint  in  F ij;.  K fall*  aho^e  riir>e  forec«*t  < \clo^efie*i*  at  raat. 

7.  I«N'ation. 

(a)  (ionotrurt  kidney. *ha|M'()  area  on  Horkiii)*  chart  from  Fiyt.  |0. 

( h ) U hat  I*  maiimiim  r.ifiL'e  of  tem|»«'rature  in  i*otherm  rihlM»n  in  .330  mile*?  ( i 

Fore('a*t  *ame  l.ttiliide  a*  ( ; / if  / « 13  ; for  hi|tiirr  yaliiee  m»ye  noiith  in  the  kidne\  area,  and  for 
joHcr.  iiortlmard. 

(c)  Uhat  me.iii  orientation  of  *iirfa«”e  front?  (dep). 

I hr  more  north-*oiith  the  front,  the  farther  north  cyclopeiieH*  should  he  forera*t  (*M‘e  F"ip.  II  and 

(>apr  32  ). 

(d ) 1 f no  parent  Ioh , foref'a*t  e> elopene*i«  in  *oiilliHeat  |M»rtion  of  kidnev. 

(e)  If  eonflict  in  the*e  indieatiofi*  foreca*t  *ame  latitude  a«  f !/. 

Pre»liet»M|  hu'atioii  of  <*>elopene**i*  

H.  Intrti‘«ily. 

fa)  H30-mh  temjieraturr  ranpe  of  injei'tion  { i'). 

(h)  ll3n-mli  a^erape  ninil  in  iiijeetion  (kfe). 

Initial  inteii*it\  of  nen  *torm  from  Fip.  13 

(e)  3iM).mh  trouph  *harpne**  (eorreeted  for  latitude  hy  faldeon  papetO)  (ft). 

(d)  3041. mh  temperature  gradient  IlMNt  mi.  ea«t  of  trough  ( f ;). 


Storm  inten*ity  predielion  Fipe.  14.  I>3.  16 
0.  Initial  ( ioiir^e. 

(a)  i )rientation  of  eotiloiir*  H.30  mh  (deg). 

(h)  nrieniation  of  i*otlr*rmi*  8.30  mh  (deg). 

fe)  \inplitiide  of  i*otherma (lat  ). 

(d)  F‘»reea*t  inleii*ity  from  Fig.  16  . . ... 


F rom  average  of  0(a),  (h)  rorrertnl  from  Kig.  17,  initial  roiiree  ia  foreraat  aa  . . (<leg). 

Ph  Speed. 

(a)  Hepre*enlali\e  geoatrophie  wind  B.30  mh  (kta). 

(h)  \f  HMMI  mile**  nortliwral  from  ryrhigeneMa  (H30  mh)  ( 

From  Fig.  IK,  a}N*rd  i*  foreraat  for  iirat  12  houra  an  (mpli). 

11.  Verification. 

Ontrr  jump.  ('yrlogeneaia.  No  ryrlogeneaia  nertnred.  (f'irrle  one). 

'Fime  formed eaat.  lairatiori 

Initial:  'I'rack  . .S|ice«l  fntenaity 

Maaimiim  intenaity  in  30  hotira  after  formation 

Hamarkt: 


srop 


:.i 


(:\ri;(;(»Kii:s  i wn  ii  cvci.om  s 

«.  1).  I«M  lU  \M»  II.  II.  VIS.M  III  |{ 

1.  (.\TI  (;ol{V  1 CVCI.OM.S 


1.1.  IMHOUUIIO.N 

lirlinitii'M,  ( .ut<':;<>r%  I art-  tlin-i-  llial  an-  liM-alt-il  lif-Mi;alli  a limail  la-lt  of  nnrtliMest  flow  at 

TOO  mh  aiiil  nio\t-  from  llit-  iiortliwt-'l.  I lii-\  i-on'litiiti-  a ili'lini'lK  tliffi-ri  iil  ix|>i-  of  i'\rloin-  from  llit-  more 
ii>iial  I . S.  low  lii-ni-.itli  -oiithwi-'l  How  aloft  tlial  iia'  lii-t-n  llit-  oliji-i  i of  iiio-t  mi-li-oroloaii  al  i-M'lone  re> 
M-ari'li.  lurllii-r,  allliou:;li  llit-  tM-c  iirri-iu  i-  of  llit-.i-  |ow«  in  North  \nn-rii  .i  liiiiili-il  to  tin-  hroail  area  i-om- 
(tri-in;;  iht-  li-i-  of  tin-  KiH-k)  Mountain-,  llit-\  (irt--rnl  a fon-i  a-t  (irohli-in  to  a laror  n-;;ion  of  tin-  nortln-rn  (ilain 
-tati--  anil  ii-ntral  ( ianaila.  Iln-  Iim  alion  - of  all  < ati-;;or\  I i-\  i lont--  ron-iili-ri-il  in  I hi-  ri-|iort  haw-  Itt-t-n  fhown 
in  l ii'.  I J.  Vth.-lht-r  or  not  ( iali-;;or\  I low-  art-  iiiiii;;i-non-  to  "It-i-  of  tin-  inonntain'*  area-  ont^i(^^•  of  North 
Ann-rit  a i-  not  know  n.  ( iati';;orN  I t \ t loin  - an-  not  nnn-nal:  thi-\  im-i nr  on  an  a\  i-ra;;i-  il  to  t time--  [ter  month 
in  the  winti-r  -ea-on. 

1 hi-  in\ e-tiaation  (ire-ent-  (H-rliin-nt  fat  t-  t-oni  t-rnina  the  oriain  of  North  \nn-rii-an  < iateaor\  I i-M-lonrit, 
ami  ili'i'ti— e«  in  iletail  «|M-t  itii-  fon-t  a-lina  |iro|ili-in-  of  ileM-lo|nnent  ainl  niow-nn-nl.  I ln-  -i-a-li-w-l  i-M-|onii- 
>\>tem«  inM--liaaleil,  ainl  tho-i-  to  whii  h tin-  fon-ta-tin;;  nn-thoil-  are  a|t|>lii  ahli-.  an-  low  .|>re— tin-  areat-  with 
one  or  more  t lo-i-il  i-ohart>  ami  with  i li-ar  e\iilt-ni-i-  of  a >M-lonie  wiml  tii-hl. 

1.;.  l)\r\ 

'[’he  ri-M-ari  h on  ( !ali-aor\  1 i-y-lones  wa-  ha-eil  on  four  winter  ,-ea-on-  of  ilata.  fritin  Novemlter  I'HT 
thronah  Man  h I'l'il;  tln--e  i-M  lone-  are  i-a-i-  inimlter-  1 throiiah  Itl.  \|>|>i-mli\  II  |)re-ent>  the  inforinatiitn 
for  eai'h  l a-e.  'I  ln-  »i-a«on  NoM-mln-r  I't'il  thronah  Man  h l'*”>2.  foiitainina  .1.')  i a-i--  ii-at-e  mlmher^  ().’>  to 
IlMIl  |iro\iileil  an  inilt-|H-mli-nl  ilata  aroii(i  for  t-oiitrol  |inr|Mi-.e-.  \]i|ii-nili\  III  i-ini-r-  thi?-  ilata. 

'['he  initial  anal\>if  of  eai  h i-aM-  i>  matle  when  ( !atep»r\  I rei)iiin-ment>  an-  lir>t  fnllilleil.  i.e..  a rea.*on- 
ahle  M-a-le\el  i-M-loiie  ir-  loi-ateil  nmli-r  mirthwe»l  flow  at  TOO  inh.  with  a (ta-t  traek  of  ft  to  12  honr!<  from  the 
no^thwe^t.  In  tin-  i-ontrol  aroo(i  of  ilata,  -nh--ei|neiit  12-honr  |M>-ition>  of  the  -ante  i-\i-|one.  >till  elassifiei! 
a>  ( iati-aor>  I.  are  ini-lnileil  a>  imle|M-mleiit  ea-ei-.  No  ( !aleaor\  I t-\t-|one.-  were  foiiml  -onth  or  ea>t  of  the  area 
in  Ki".  .'52;  mhiu-  l-^^lone^  north  anil  we«t  of  thin  area  eonhl  not  In-  ^tnlliell  iM-i  aiiM-  of  ilata  limitation.<. 

1..1.  (»kk;in 

'I’lie  iHinnilaries  of  the  .s\no(itii-  nia|>!i  (irevenleil  rewareh  on  (iatepor>  I low-,  north  of  ti0‘'  N latitude  and 
went  of  the  (lanadian-l  nited  Staten  |{iH-k>  Moiintaiiin.  However,  the  (tathn  of  i-M-lonen  were  trai-ed  hack  to 
their  origin. or  for  a minimum  of  21  hoiirn,  or  to  tlie  limilnof  the  nea-level  nv  no|itir  ehartn  (ahont  N latitude 
and  I .’5'>°  W lonjtitude).  'I'he  northern  hemin|ihere  nea-level  ehartn  eoulil  not  he  utili/ed  iN-i-aune  of  the  2 l-hour 
interval  In-tween  nuei-ennive  ma|in.  I'he  moilen  of  orifiination  of  < !atef;or>  I low-...  I noine  detailn  i-oneerninp 
each,  are  (irenented  Itelow. 

[..'ll.  '//le  Cyclone  Mmvs  in  as  a Sc/>aralc  C.vH  from  the  Far  !Sorthursl 

.Ahont  .'50  |n-reent  of  the  (latepirv  I i-velonen  were  traeed  haek  to  the  A’ukon-Maekenr.ie- \le\aniler 
inlands  area,  and  reanonahle  evidenee  was  found  of  <-lear-«-iit  inovemeiit  from  this  area  to  the  ('aleeorv  I 
liM-ation  of  the  low.  'I'he  dinliiietion  In-tween  a eveloiie  in  this  (:ron()  and  a evi-lone  in  the  following  groii|) 
(wliiih  forms  in  a nnriheast-southwesi  trough)  is  not  alwavs  evidetil.  If  the  i-y-lone  was  followed  h>  a 
nea-le\i-|  high-prenniire  ridge,  the  low  was  eataloged  as  "moves  in.”  'I'h',-  l\|iii-al  700-mh  (latlern  shows  a 


Fifi;.  32.  Original  li^ration  of  ('.atrgitry  I ryrlonrw.  'I'hr  pfwitionp  of  all  ( '.atrgory  I ryrlonrn  (raara  t through  llH))  arr  «h«iH-n 
alni^r.  'I'hr  rnwH  halrliing  ilrlinralrn  ihr  moiinlain  arra  ami  il«*  Hio|ir>«  Hhu’li  infliif'iirt*  r%  movc^monl.  NiimrraU 
ranr  niimhrrft. 


|o\t  in  llir  liml'iin  |t.i\  ,it>  j .iml  .1  in.i|>ir  riil^r  ■>!  |ir<'--i:ir  m nt li --oiil li  Innii  llir  \n  llr  < ik  Ii'  cIh\mi  iIk* 

>»r«l  I'oa'I  111  Niirlli  Vinrnra.  llir  in|rr  I-  U'li.illv  lor.ilrtl  Innii  II  1 In  1 lu  \\  li  ni"  It  inlr.  I lli^  riiliif 
all  ill  rriiiaili'  .ilnni'I  «la  I iiiiur\  .1-  I lir  -•  a-lr\  rl  1 v rlinir-  iiiiivr  -mil  lira -I  « an  1 . 1 11  I In  J 1 liniir-.  I lir  r \ riniir 

lia>  < rn>M'il  I llr  , DU- mil  I ii|rr  line  anil  lir- liriiralli  iinrtli\M'-i  tln»  al  Tuil  mli.  Il  i- llini  a ( ailrrnrv  1 rM-lniir. 

llir  Cu'liinr  I )iini\  in  11  \otlhurst-Siintliiii\l  I loii^li  I)  huh  l.xtrinls  Imm  n \lnjm  l.ou  in  ihr  (iiilj 

oj  . ilnshii 

Nrarlv  tU  |irrrrnt  nf  (!ati*>;nr\  1 Inu-  arr  |>rr-riil  ilnr  In  llir  fnllnwiiir  nirrliatii-m.  I In  tlir  Mirfarr 
rliart,  a lar}:r  ll-fnriiiril  r\r|niir  i-  iirr-riil  in  tlir  liiilf  nf  Ma-ka  'ilrlinnl  in  llir  lirnailr-l  M-n-r  a-inM-rini: 
the  arra  frnm  ri-ntral  Alai-ka  In  tin-  lalitmlr  nf  \ aiirnn\rrU  I' rniii  llii-  -rini|irrniaiirnt  Inu.  a trnnrii  rvtrinl- 
rastwani  to  tlir  ('.aiiadiaii  Kix  kir-  anil  llinirr  Minllira-t  ilnuii  tin-  ra-l  -iilr  nf  tin-  mniiiilaiii-  into  Mnntana 
anil  ^ Miming.  Tlir  iirw  (!atrrnr\  1 Inu  rrll  tiia\  lir>t  fnriii  at  tlir  liiiir  an  iHvIn-inii  innw*'-  inlainl  in  tin* 
\Va>liin>:tnn  area.  Often  tliiH  iii  tint  ra>ilv  drtrriniiiril.  lirraii-r  nf  anaKtiral  ilininillir-.  Tin-  lir.-t  a|i|x'ar- 
anrr  of  tlir  low  in  in  tlir  Irr  of  tin-  iiioiintain  arra  in  Mlirrta  anil  Mnntana.  \t  TIN)  mli.  tin-  nnrtli-Miiilli 
riilrr  nf  liirli  |irri«i>iirr  in  not  rn  |irniinuni  ril  in  tlir  tiiajnrilx  nf  ra-r-  a-  in  tlir  fii  -I  iiimlr  nf  nririn.  I'he  initial 
a|i|x-aranrr  nf  tlir  low  in  often  rinall,  weak  anil  rha|H‘lrxs.  Sninr  IX  to  21  lioiiri-  after  tlir  firxt  rloM'il  iMiliar 
form-,  the  rrll  will  lia\r  as^llInr«l  a drlinitr  sha|M‘,  and  will  IM-Ioiit!  to  (iatrror\  I. 

l.iVI.  77/r  Cyrlonr  Forms  in  a \orth-Sonth  Troufih  IFhirh  Fxtrmis  Sonih  from  the  . frriic  Cirrir  Hr^ion 

(iati'riir)  I Inwii  of  this  oriftin  arr  onl\  l.>  jM'rrrnt  of  the  xamplr.  The  mrrllani^ln  i^.  liowrxrr.  \rrv 
I'lrar  rut.  \n  rlniiratril  troiii;li  trrniinatiii{!  north  of  tlir  \rrtir  (iirrlr  extends  south  into  (ianada  and  the 
I nitril  .*i|alr-  in  the  Irr  of  thr  llrn  kN  Mountains.  ,\s  this  troiiiih  inoxrs  slowK  east.  r\rlnrrnr«i-  orriirs 
in  thr  lroui.'li  -mith  of  till’  \ latitude.  Thr  U|i|irr-air  contour  pattern  is  similar  to  thr  first  niodr  oforiirin. 
with  a l.irrr  nnrtli--nulli  ri.lur  of  liij:h  pressure  at  the  west  roast  of  North  Vnirrira  and  a lind-on  lla\  low. 
\s  in  till'  ntlirr  mnilr-.  -inrr  the  ,-nrfarr  sXstrm  is  not  iiiitiallx  rrflrrtrd  in  the  TUD-nili  rontonr  pattern,  thr 
nrwiv  fnrmril  rrll  lirlniir-  |n  ( iatrrnrv  I.  It  is  iiitrrrstinr  to  note  in  pa-'inr  that,  wlirrra-  nin«t  ( iatimorx  I 
rM-Innr-  -Irrr  with  tlir  TUU-mli  miitniir  pattern,  ihosr  few  ra.srs  whirh  do  drxiatr  markrdU  from  thr  sterrinj: 
rnrrriit  had  tlirir  nririn  in  ihr-r  nortli-soiith  troiifihs. 

1 ..'I  f.  Ihr  (.\rlonr  />  I’rmlnriil  hy  ('\rlof;>-nryis  ,\ol  RrltiUtl  to  a ft  rll-DrJitnsI  7 roiir/l 

NrarU  I'l  |HTrriit  nf  llir  < iatreurN  I r\ rlniirs  oririnair  without  apparent  assistanrr  from  a parent  low. 
and  mil-idr  of  a wril-driinraird  pressure  troiitih.  In  ronirast  to  thr  other  modes  of  origin,  these  rells 
ernerallv  form  -nnlli  nf  I'l  N latitude  atid  near  the  mniiiitain-.  There  ap|M'ars  to  Iw  no  reason,  howexer. 
wlix  this  iH'rnrrrnrr  raniini  lake  plare  in  aiix  an-a.  It  i-  dmihtfiil  if  forerastine  parameters  xalid  for  other 
ixpes  of  rM'Inreiir-i-  ran  hr  apfilird  to  thi»  txpr  nf  low.  Tlirx  are  nfirn  xerx  rinse  to  the  mountains,  and 
present  iinii-iial  swinpiir  pallrrn-.  The  iipprr-.iii  patirrn  i-  ajzain  similar  to  the  other  eroiips.  The 
sra-le\rl  pre-«iire  patterns  arr  finirrallx  weak  and  Hal. 

I able  1 of  \p|H'iidi\  II  pir-riit'  the  il.il.i  nil  the  .iri"in  of  ( .ilr^orx  I rxrlones:  howexer.  it  has  lieen 
found  tlial  the  drx riopniriit  and  mnxrnirni  nl  these  storms  are  imirpriiileni  of  the  mode  of  ori)'iii. 

U.  DKVl mi’MI M <11  ( \l  1 t.iiH^  1 (Al  l.uMS 

The  prow  ill  or  drrax  of  rxrlones  nioxinp  frnm  the  iiorlhwesi  under  norlhxxesi  How  aloft  presents  a proh- 
h-iii  to  the  forrraster  iti  the  I niird  ?«lates.  Manx  rxrlniiir  stortiis  srriniisix  affrrlinp  the  weather  in  the 
rriilral  and  ra-lern  I iiitrd  Stairs  nripinatr  in  this  manner.  ( ialrjinri  1 rxrlones  are  prone  to  fill  nr  to  |N’isist 


Kii:.  -i.t.  I n^ljhilil t iimIia  fi*r  j iioiitilli;i^  ( iilrporv  I r\rlMiir,  Null*  ihi'  arrii  ami  thr  atalilr 

ari-a  nortli'M^I  of  lli*'  rM’ltair  aiitl  llir  in-lalnlil’t  imlrY  f:ra<lM'fil  <*rirnti'tl  iiiirlliraHi-aoiillmr^l.  'I'hr  a\i>*  thntiif:h  the 

liiH  rrilirr  prr|H-ntliriilar  to  llir  TiKP-nili  rntiliiiir*>. 

willioiil  ii(i|irc<  ialili'  I lii- i>  in  lo  < IN  lim-  whii  lt  frri|ii«'nll\  iI*'C|m'I|.  (aiiiM*- 

llir  liirrra-l  |ir<>lilriii  i'  In  ilr Irrtiiiiir  llir  nitr  iif  lilliiir.  i.r..  llir  iiiiiiilH'r  iif  liniir^  iiiilil  riiiii|ilrlr  ili^ap* 
|H-iiraiirr  frniii  llir  iirallirr  iiia|i.  (i^rloiio  itliirli  |nT;>i»l  for  loiirrr  lliail  U!  hour-  arr  ralird  ''iioiilillinr." 

A M'arrli  for  iIiom-  iiiraMiralilr  fraliiro  of  llii*  i>\ii<i|itir  rtia'l>  >\liirli  iiijrlil  ili>liiirnisli  llir  lillinr  from 
llir  noiililliiif'  r\rloiir>  i>  Kiiiiiililiril  wlirii  llir  r>rl<iiir>  iiiiilrr  i'oii>iilrralioii  arr  all  in  a ^imilar  arra  of  llir 
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Kif;.  34.  in<lrt  for  4i  fillin}:  f f I'yiniir.  ( onip.irr  tltr  ill  (li  lmri}  |>,iM<'rn«  .il>o>r  miiIi  tin*  paltrriiii 

of  Fig.  33.  44ir  IfgrmI  in  tin*  Haiiif  u*  for  Kig.  .33. 

wa\«*  |iiill«Tti  iilof(.  Tlli'  i»  tile  < aM-  willi  all  < '.alr;;or%  I l<iw»  x.liirli  arc  Im  .ili  il  liriiralli  iiorllitxc.'xt  Hou 
aliifl  xxilli  a lii”li  iiiiiri>riiiil\  in  llu'  rniilniir  |iall<'rii.  It  \«a'  l<■::i^.ll  to  a"iiiiir.  llirtrlorc.  dial  tlii'  ii|i(NT>air 
lIuTliial  |iaMrni'  xxoiiM  proxiili'  fratiiri''  ncri-«-arx  li>  ilcliiic  llic  fnliirv  <ti’\('li>|mn'iit  of  llic  iM'Ioiu'.  i’lu' 


iiiilial  iii\f^lif;alinn  li\  (n'or^f  llir  "I'oilicriii  rililion"  anil  |iiiiiitiii^  uiil  il>  r)'latiiiii>lii|i  to 

ilcM-liipiiicnt.  Iiirtlicr  i'iii|>har<i/.i'il  tlii' iiii|Hirtaii<'c  of  iMillirrin  |iattrrii«  to  llii*  ^■^Mo|lti■'  forrra'tin^  |irolili'iii. 
A (lirivt  )'\tcii>ioii  of  llif  i -oilii'riii  rililioii  i'oiirf|il  to  (!al<-”or\  I i \ i'Ioih'-  iliil  not  |>roviili'  for  ailc(|iiali‘ 
lonva^liiif;  of  tlirir  il<-\ *'lo|iiii('iit.  It  iM'iaiiU'  <-\iiiriit  that  a tlirf<'-illiiii‘ii>ional  tn-atiiirnt  of  the  i'litlicmi 
ril)lH>n  idea  wa>  ll(‘('<■^^a^^ . 

lU  I'lottin;:  till'  t>'tii|M'ratiirr  <lilTrr<-n<)''  Ix-turrii  aii\  luo  ii|i|M-r  lr\r|s  for  t-acli  r)-|Mirtiii;;  |Hiint  anil  li> 
ilra\«iim  i'-o|ili'tli>  of  tlif-i'  iliffi'ri'iici'-.  tin-  rliaii;;)-  uitli  lii-i^lil  of  tin-  iMithcriii  pattrrti  ilrliiiril.  I'i^iir*‘!>  .'VI 
■mil  .i  I ari‘  r\aiiij>li''  of  -.iii'li  iiia|»,  illii^tratiii"  in  llii-'t-  I'aM-'.  tlir  t<‘in|H'ratnrr  iliffrrrnrr'  iH-tMi'i'ii  tlir  TtMt-nih 
anil  'lOII-nili  Ii'M'I-.  riii''r  i-.o|iliMlis  aUo  illii<trati-  variatioii>  in  la|iM-  rati'  ovrr  tlir  rt‘(:ion.  l or  tliii>  lattrr 
ri'a-on.  thr  iMipIrtli-  an-  ralli'il  linr^  of  iii'laltilit)  ami  tin-  iiiili\ iiliial  ti-in|M-ratnn-  iliffrrrni'i'K  an-  ralleil 
iii'tahilitN  inilirr-. 

Two  i'om|io.iti-  maps  of  thrsr  i'opirtlis  of  instaliilitx  Mrri*  ilraun  for  fai  l)  of  -fM-ral  layrs,  one  for 
a^  fraj:f  \ aluf-  of  lillin"  ( !atf"or\  I lows  anil  the  other  for  average  values  of  a ;;ron|i  of  nonlillin;t  lows.  These 
roni|>osite  maps  ilim'loM-il  s«‘veral  im|Nirtant  features  (some  of  whieh  are  apparent  in  l ifts.  iVI  anil  At). 

1.  The  lines  of  instahilitv  for  the  TOtt-  to  .A00<mb  laver  ilhistrateil  ilistinet  ilifferenees 
U-tween  fillin;;  anil  nonfillittf;  evelones.  The  H.")!)*  to  70<)-inh  anil  to  .MHt.nih  la\ers 
iliil  not  emphasize  the  contrast  so  well. 

2.  Instahilitv  •trailients  are  weak  and  ill-defined  for  filhni;  lows.  For  nonfillinf’  lows,  a 
ilelinite  isopletli  pattern  was  apparent. 

A.  The  inaviinimi  erailient  of  iiistaliilitv  was  direeteil  northeast-sonthwest  thronoh  the 
|Misition  of  the  sea-level  evelone  on  the  nonfillin):  eoni|M>site  map.  In  the  ease  of  lillin<t 
i velones.  almost  no  erailient  was  shown  alonj:  this  line. 

t.  The  TiMI.  to  .‘iOO-inh  eoinjHisite  charts  indieateil  that  the  |M-rtinent  features  of  the 
in>tahilitv  patterns  were  within  a radius  of  I (MM)  miles  from  the  low  center. 

It  wa>  then  deterinined  that  thes«-  iliflTerenees  Is-tween  filliii<:  and  noiitilline  cvciones.  so  apparent  on  the 
coni|Hi>ite  charts,  also  applied  with  reasonahle  eonsistenev  to  the  individual  situations.  The  instahilitv 
pattern  iharts  (e.f:..  Fi);...  AA  and  At'  provide  in  themselves,  therefore,  the  first  iisefid  forecastiiif;  paratiieter 
for  the  development  of  (,'atepirv  I cvciones.  However,  tliesi-  instahilitv  pattern  maps  are  difficnlt  to 
evaluate  ohjectivelv . Further,  it  woidd  lie  iindesirahle  to  introdiiee  an  additional  map  plotting  routine, 
.'since  the  |M-rtinent  features  of  the  charts  lav  aloiii:  a northeast -southwest  avis  lhron<:h  the  low  center,  and 
within  KMHI  miles  of  the  low,  it  was  neeessarv  to  plot  and  evaluate  onlv  the  instahilitv  indev  values  alone 
sui  h au  a\i'.  S|M‘cificallv ; 

I.  On  hoth  the  T(K(-  and  .AOO-mh  maps,  idenlicallv  placed  axes  were  drawn  |N’r|N’ndiciilar 
to  the  eontoiirsat  TOt)  mh  throuf;h  the  low  center  jiosition.  The  DIAOK  or  lAAOF,  (Misition 
of  the  sea-level  low  is  used.'  without  ailjnstment  for  the  A-hour  time  la"  lietween 


‘ Aol  iiifrrf|i)eiitU  , ttie  evelone  lieinf!  sliifliefl  will  lie  of  s floiihlea-riiler  slriieliire  on  I fie  sea -lev  el  ehart.  I snail  v.  it  is  a|iparenl 
that  tile  svsteni  is  fiinilainentallv  one  evelone.  fiaeli  renter  slionlil  Ih*  Irealeil  roin|iletelv  liv  this  lei'linii|ite  anil  the  loiif-est 
iliiration  forecast  rnav  he  assimieil  to  Ih'  i-orreet.  This  lines  not  im|ily  that  that  center  will  he  the  one  to  lake  over  within  the 
evelone.  It  thm  iniplv  that  the  major  evelone  is  hs-alril  iiniler  a |sirtion  of  the  ii|i|H-r  air  whieh  is  favorahle  to  |H'rsisleiiee,  that 
even  Inal  merging  will  is’enr  anil  that  the  resulting  low  w ill  |N‘rsist  as  the  gra|ili  iinlieales. 
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Kin.  35.  rhrrmil  rro*«  •retion  ilUiKiritinn  the  inotaKilit)  indr*  valiir  and  ihr  "profile”  of  indirea  aloof!  *he  •*>*  per- 
|><‘iidi('ular  lo  the  7(HI-mh  nortlmeM  flo» . (The  indHeaehoHn  are  from  the  alia  in  Kip.  33.) 
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Kip.  36.  The  half  wavelenpth  and  am|>litnde.  The  half  wavelenplli  ia  the  diatanre  (in  depreea  lalitnde)  from  the  ridpe  at  .-I 
to  the  trouph  at  /I,  and  the  amplitude  ia  the  latitude  differeiire  f.'  to  It. 


I'll;  .^7.  I hr  ini\rrti\r  trrni.  Th*  (mint  I-  r*  (i|i«trram  fr«»m  llir  Ioh  ri*nl*T.  4 iliolam'r  21  liniirc  linir-  (hr  ((roxtrophir  '|H‘rtl 
iiir.i-iirril  ,ii  (hr  liiH  rrilirr.  Thr  lriii|irraliirr  ililTrrriicr  IM-Iwmi  (hr  hm  rriitrr  anil  (hr  |Mnnl  t in  (hr  aiKrrIor  (rrin. 


'(■a-li-M'l  iiml  ii|i|M-r-air  i'li;(rt>.  1 In-'r  a\r«  rMrinl  |IHM)  inllr-.  hotli  iiurtliiM't  anil  mhiiIi- 
«f'l  of  till'  lii>»  mitiT.  \t  Tiki  mli,  ||n-  a\i.  ina\  |»c  lliour|||  of  a«  .1  line  aloiii:  tin-  ina\i- 
miiiii  rontoiir  f:railh-iit ; aUo.  it  ll•llall^  li<->  alonr  tlm  inaviimiiii  lln-rnial  rrailii-nt  ami  tlir 
iiiaxiiniiiii  in>taliilit>  iinl<-\  prailirnt  for  tin-  la\<-r  iM-tui-i-n  tin-  Ii-m-Im. 

2.  '1  i-iniM-ratiirc  »alin->  at  JlKI-niilc  iiilnrxaU  alon"  tin-  a\t-,«  wt-ri-  ili-trrniiin-il  at  Imth  TOO. 

anil  ri(M)-nili  lr\i-U. 

I In-  iliffi-rriii'i-  in  trin|n-raturi-  In-twi-i-ii  tin-  TiHI-  anil  .TllO-nili  Ii-m-U  at  i-arlt  JlMI-niili- 
inti-r\al  (tin-  in>laliilitx  iinli-x)  viai-  tin-n  ili-ti-rmim-ii. 

'I  In-  ni-l  n-Milt  ir  a >ini|ili-  !><-l  of  iiirlaliilitx  iinlrx  \alll«-^  alonr  a liin-  thronrii  tin-  low  rrntrr  anil  at  riftlit 
anfili-s  to  tin-  TOO-nil>  rontoiir  flow,  riftiin-  .T>  illn>trati--  iliarrainatirallx  >iicli  a tin-rinal  (■rl>^«  M-i  tion  and 
tlir  final  ri-Milt,  tin-  M-t  of  iinirx  valii(-!<. 

If  a |irofili-  of  tin-  imli-x  valiii->  for  i-acli  ryloin-  i^  n-iw  drawn,  tin-  di-<tinrtion  In-twi-i-n  lillinr  and  non- 
filling  ( iati-norx  I i-xcloni--.  lM-i'onn--i  a|i|iari-iit.  Nonlillinr  rx(-toni->  i-xliiliit  liirli  indi-x  \alin--  in  tin-  --onlhwi->t 
[Hirtion  of  tin-  axi>  (in  tin-  warnn-r  air)  and  ri-lalixi-lx  low  indi-x  xalin->  in  tin-  nortin-ai-t  lin  tin-  cold  air), 
l-illinr  i-M-loncu.  on  tin-  otin-r  hand.  Iiaxi-  a in<-andi-riiin  |irofili-  with  no  i-li-ar-ciit  inaxiiniiin  or  inininiiiin 
valiir.  or  onix  Miiall  ilifTi-ri-ni-i-M  In-lwi-i-n  tin-  inaximniii  and  inininniin  xahn-M.  ThiM  ilifTi-ri-in-i-  i:-i  calli-d  tht- 
inr-lahilitx  i-ontra»t.  It  |irovi-d  to  In-  tin-  |iriinary  |»araim-ti-r  in  tin-  ih-X(-lo|inu-nt  fom-a>t  for  (iatcjtorx  I 
i-x(-loni-!i. 


A frpqni-ntly  f-onKtdi-ri-il  factor  in  «-ycloi;riipsi!i  in  wavrh-nntli.  Therefore,  it  wax  lojtieal  to  inve.xtijzate 


the  relationHhip  lietween  cievelopiiieiit  of  (latefiorv  I eyeloiieit  ami  wavelcnf;th.  It  wan  foiind  that  a definite 
rorrelation  was  present:  the  {;reater  the  wavelenf;tli  of  the  7(MI-ml>  eontoiir  pattern,  the  more  likely  the 
iHTiirrenee  of  a nonfillinp  Category  I eyeloiie.  'I’lie  wavelenj^li  paruineler  iis»-d  was  the  measurement  at 
7(M)  mb  of  the  half  wavelength  in  degrees  latitude  measured  along  the  latitude  of  the  low  eell  from  the  western 
ridge  line  to  the  eastern  tniiigh  line.  This  is  illustrated  in  Fig.  d6. 

The  natural  partner  of  wavelength  is  amplitude.  I'his,  tiai,  was  investigated  and  it  was  found  that 
for  a given  wavelength,  there  was  a preferred  amplitude  favoring  nonlilling  of  (iategorv  I evelones.  The 
amplitude  factor  is  the  measurement  at  7(M>  mh  of  the  amplitude  in  degrees  latitude.  This  is  made  by 
following  the  rontour  over  the  low  upstream  to  the  most  northern  latitude  and  downstream  to  the  most 
southern  latitude.’  The  differenee  is  the  amplitude.  This  is  illustrated  in  Fig.  3b. 

At  this  stage  of  the  research  on  development  of  Category  I evelones,  there  are  three  parameters:  insta- 
bility contrast,  wavelength,  and  amplitude.  When  the  preliminary  correlation  of  instability  contrast  and 
wavelength  was  tested  with  an  additional  data  group,  however,  it  was  apparent  that  the  investigation  had 
not  included  a fourth  factor  traditionally  of  importance  in  development,  namely  a consideration  of  advection. 
It  was  necessary  to  analyze  and  introduce  quantitatively  the  temperature  advection  field  either  as  a primary 
factor  or  as  a corrective  term.  The  most  satisfactory  yardstick  for  this  advective  com[>onrnt  was  deter- 
mined as  follows:  measure  the  geostrophic  wind  velocity  at  8.>0  mb  over  the  low  center,’  and  move  "up 
contour"  this  velocity  times  24  hours.  The  difference  between  the  tem|>erature  at  this  point  and  over  the 
low  is  the  advective  term.  It  is  negative  if  colder  air  is  encountered  in  proceeding  upsteam.  This  is 
illustrated  in  Fig.  37. 

The  four  parameters  may  all  lie  measured  objei-tively.  Table  2 of  \p|)cndix  II  presimts  the  pertinent 
values.  By  means  of  multiple  rorrelation  techniques,  they  were  correlated  for  each  cyclone  in  the  data 
sample  to  achieve  a forecast  of  the  number  of  hours  until  filling. 

Stage  1 of  the  multiple  rorrelation,  relating  the  instability  contrast  with  the  advective  term,  is  presented 
in  Fig.  38.  F.arh  cyclone  in  the  basic  data  group  was  entered  on  this  chart.  The  family  of  curves  was 
fitted  by  ins|«ertion  and  arbitrarily  numbered  from  0 to  7.  The  stage  1 curves  give  gisid  separation  between 
filling  and  nunfilling  cases.  The  construction  was  designed,  however,  to  give  optimum  separation  on  the 
final  composite  graph  only. 

Stage  2 of  the  multiple  rorrelation  is  presented  in  Fig.  .39,  and  correlates  the  half  wavelength  with  the 
amplitude.  Again,  the  family  of  curves  was  to  give  optimum  results  only  when  combined  with  stage  I. 

Using  stage  1 value  as  the  abscissa  and  stage  2 as  the  ordinate,  the  final  and  com^Kisite  graph  is  attained 
and  is  shown  in  Fig.  40.  Primarily,  the  final  graph  provides  separation  between  filling  and  nonfilling  cyclones 
of  Category  I;  in  addition,  it  measures  the  rate  of  filling.  The  stage  values  and  the  forecast  results  are 
tabulated  in  Table  2 of  Appendix  II. 

The  following  conclusions  may  be  drawn  by  referring  to  Fig.  38: 

1.  With  a constant  advective  term,  the  larger  the  instability  contrast  the  greater  the 
tendency  for  the  low  to  persist  up  to  a certain  high  value  near  14-16.  Beyond  this  point, 
the  trend  may  be  toward  filling.  Insufficient  data  in  this  graph  area  prevent  definite 
conclusions. 


* If  the  contour  over  the  low  center  is  closeti,  estimate  the  amplitude  parameter  from  the  nearest  o|ien  contour. 

* If  very  nearly  in  the  center  of  a closed  cell,  assume  a speed  of  5 knots  in  the  ilirrclion  of  the  prevailing  upstream  flow. 


ADVECTIVE  TERM  85>0  MB 


STAGE  I 


STAGE  2 
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COMPOSITE  GRAPH  tNOT  final,  SEE  fig.  41  > 


STAGE  I 


( )f>4’n  nrclrt  nitli  "N**  iiilj.imit  mIim  Ii  iImI  in»t  hi)  Mtllnii  fiituro.  i irrlr«  0 \«ilh  iiiitnt-r.il': 

*'36*'  .nljdrriil  r«’|>rr*»riil  hlliii;: 

ST  \(iK  I . Kij:.  3H.  nmlr.i-*!.  Dran  an  «^i*»  «»n  ihr  5lHl.  nrnl  TlMKriih  rhart*>  p«‘r|>rn<)irn).ir  !o  ll»r  rontniiro 

ov«r  ihf  «>iirf.irr  lim  <Tiilrr.  lh*tfTriiinr  frni|»Talurr  »li(riTriM*r»»  70i»  m)»  mimi**  till*  .il  inti-r>.(U  .jlMHij  ,ixi« 

l»KMi  fnilr^  rilln  r -ulr  «»f  Inn  . '^ulitr.H  I tniitimum  iiitlrx  ( % |-  «»f  I«»h  rrnirr)  fn»m  ni.iximiini  uidj.ii  rnt  '*r  > W of  hm  rrnl»  r . 
tlii-  »liff»Tri»rr  !•«  llir  ronlr.i*‘l. 

ViNrrli^r  Mr.i^iirr  llir  {»ro««lro|»liir  Hin«l  xrhwilx  o\ rr  '•tiff.irr  li»v%  rrnirr  .i!  Jl’tii  ml*.  Mo>»-  ii|»-r«>iitoiir  tlii> 

(itiiro  2\  lioiir-.  Kroni  lriii|H’rjitiirr  at  tlii«  |»«>int  '>iihtr.irl  tt'm|MTiiliirr  .<t  tlir  low  llii»  !•>  thr 

trnn.  Nr^.itixr  -lioH  roM  S«’«*  I* i(j.  .!<. 

S’l  S(»K  2.  Ki::.  7(H). mh  half  w .i\ rh'n(!lh.  Mra**iirr  in  lalittulr  .iloim  ihr  |Mr.illrl  o\rr  thr  low  o-niiT  fr**ni  iIm- 

ri«lL''*  lin*‘  6»  ihr  Iroimh  liiir  St  Kijr.  36. 

(iOMPOSm*.  (ilfAI’ll.  Kin-  P).  If  |Miinl  fall**  lt»  llir  rich!  i»f  ihr  Ht-hoiir  Iiih-.  ihr  rxrlonr  wfiM  iMT-i-*!  for  at  Ira^l  l.H  hoiiro, 
or  nil)  ilrrprn.  If  point  faIN  within  ihr  fainiU  i»f  nirvr<*.  llir  iiiiiiihrr  i»f  hoiir«  until  hilin;:  i«  iiuhralnl. 

THI.s  IMS  BKK\  HKVISKI),  SKI-'  HO.  U 

To  apply  Fip»*.  38.  .3*1,  ainl  II  to  C !alr^orv  1 1 raw  ihr  iti*>iahilil\  ronlra’*!  axi**  i-*  drawn  prrprndh  iil.ir  fo  tnu  k of  tht.  h'lv. 
no  rhan^r  in  t>tht*r  pariinirtrr<*. 


STAGE  I 


Fill.  tl.  a*  for  Kip«.  3H,  3’>,  anil  U). 


2.  ^ ith  a I'linKlanI  iii>taliilit\  i'nntra>l.  a lar^r  nr^ati\r  ail\n’livi'  tcnn  U'nlil  ail\ rrtioii^ 

pronmlo  nnntilliii;::  a;<  ihr  ail\rr»i\r  Iitiii  iliM-rraM’s.  llii-  i-M-lonf  lia>  li->s  lrnili’iir\  to 
IMTKiMt,  until.  ii|Hiii  rrarliin"  a in^itix’  aiixt-livt'  trrin  (v«ariii  ailvrt'tioii).  filling  inarki'il. 

It  may  ntatcil  from  Fip.  ,V>,  that: 

1.  l{rgarfll<'H)i  of  thr  uiii|ilitiiil)',  ih*-  lon):<T  tlir  half  Havclrii^th.  tlir  prt'atrr  the  teti(leiU'\ 
to  iiersidt  or  doe[)en. 

2.  If  the  half  uavelenitth  ir-  <'oii>ii|rre<l  eon<.tant.  there  is  a preferred  amplitude  for  |N‘r- 
sisteuee  t^liieli  is  in  the  ranp'  of  1.')°  to  2.^°  latitude. 

The  folli»tin<;  eoiu'lusioris  iua>  Ih*  stated  from  the  eoiii|H)site  eraph  of  I'ie.  (0; 

1.  Stane  I and  sta^e  2 parameters  eontriliiite  ahout  eipialU  to  the  separation  of  the 
eases.  'I'he  final  eoiiihinatiou  is  sii|N’rior  to  either  stap'  I or  sla^e  2 eoiisidered  separated . 

2.  (latepiry  I e\elones  separate  into  tilling  and  tionlilline  i>|n’s  and  the  eraph  |iro\iiles  a 
measure  of  the  rate  of  (illin;;.  No  eonelusiotis  eaii  Ih-  dra««ti  as  to  the  rale  of  lUv/H'iiinfi  for 
eases  l\iiie  Hilliiii  the  iiontilline  /one  of.  the  eomposite  eharl,  ihoueh  al»'Ul  half  of  these 


ili«l  u 1 1 lull  lo  liiHH  I In ( .1  lr::in'\  I * .1-**-  u )ii«  li  il.<!  tlri'|H'ii  li,i<]  ii-4i,ill \ rli,in^r<| 

III  I ,ilr:;i  irv  II.  Ill  1 n I \ li\  | hr  | iiin'  ilri  h.nl  mi  111 1 ril.  I hi-  .i-  iliii-  lil  hrr  In  a 

III! i\ rIMi'iil  III  llir  |in\  ra^l  it|  ||n*  .IMI.mli  Icini^li  nr  In  llii‘  hit  iiiii I mil  nt  .1  IihiimIi  jh*|  \m*»| 
n(  till'  I \ l inin'. 

In  Ir-.!  till'  N.iliililN  nl  ill!'  fni'i'r.mlint;  li*i'linn|iii*  lirf'i'iili'il  .ilin\i*.  a rniitml  rrniiji  nf  1 ,alrnnr\  I rxrlnnr" 
M.i'"  I'X.iiiiitiril,  I III'  ili'l  ri  hi:  I mil  nf  ihr  Ili'ii  r.i-'t*'  ihrniitthniil  -l.itti'  1 iiilil  -lari'  2 faiililii'-  nf  riirxi'-  wa- 
rrm.iikahU  -iiiiil.ir  In  ihal  nl  ihr  nririiial  ilala.  I In-  \alin  - nl  ihi-  Imir  |iar,iiiirli'r-  fur  i-arli  ra-r  Milliiii  thr 
rniiti  III  ri  niiji  .iri-  li-liil  i II  \|i|iriii|i  \ III.  I III'  ailililinii.il  il.iia  ihil  I III  III  .III-  1 1 II-  nil  i'-.i  I \ fur  a -h"  hi  1 hail  ^i-  in 
ihr  rimr  'ln|ir-  nil  ihr  liii.il  1 1 iiii|u i-ilr  rrajili  ill  oiir  arra.  I In-  h.i-  lirrn  .11  1 niii|i|j-hril  ami  I i;;,  II  (irr-r iil - 
llir  riiriri  Irii  riiin|ni-iii'  rra|ili.  In  ihi-  iluirratii,  tlir  tni.il  -,iin|ilr  n|  ( .airrnrx  I ra-r-  Ini-  hrrn  riilrrril  anil 
l.ati'rnrx  II  ra-r-  lia\r  al-n  lirrll  itirhiilril. 

Il  I-  lint  \iitlnii  ihr  |irn\inrr  nf  ihi-  |irnjrr|  In  r-t.ihli-li  ihrnrrliral  jii-lilirat inn  fnr  llir  fniir  paraiiirlrr- 
whirh  Ini\r  |irn\ril  rtirriiir;  hn\ir\rr.  -niili'  itliliral  inii-  nl  ihr  linr  nf  llmiir|it  nil  thi-  -rnrr  arr  |>nt\ (N'at  ix  r. 
Iljrrk  nr-  anil  1 1 iiIiiiIum'  I *1 1 1 ami  n|  hrr-  ha  x r r-t  a hli-linl  I Ini  I ili  x r rrr  nrr  n \ rr  a -iirfarr  rx  rli  iiir  i-  a rri|iiirr- 
inriil  fnr  ihr  rxriniir  In  inainl.nn  nr  iiirrr.i-r  it-  intrii-ilx.  \ii  .iiniK-i-  nf  ihr  Iniiriiiiiliiial  ilix rriiriirr 

ili-trihiitinii  in  thr  imrlli\ir-i  i!m»  |inriinii  nl  a xxaxr  |>allrrii  alnli  lijrrkiir-.  I'M  I inilirair- a rri|ihrriiirnl 

nf  Inxx'lrxrl  ailil  liit^li'lrxi  l 1 nnxrr:;rni  r l.ixrr-  anil  an  inirrinriliatr  lavrr  nf  ilix rrrrm  r . Thr  hrij;hl-  nf  ihr 
hnnmlarir-  n|  ihi-  ilixrrrrnir  l.iw  r ihr  ii|i|irr,  llir  Irxrl  nf  nnmlixrrrrm  r.  ihr  Inurr.  thr  Irxrl  at  xxhirh  liir 
inran  /nn.il  Miinl  n|inil-  ihr  -| ml  n|  ihr  xxaxr  paltrrn  arr  tiiiirlinn-  nf  ihr  iiir.in  /niial  xxiiiil.  ihr  -|irnl  nf 
ihr  xx.ixr  |i.illrrn  ,iml  ihr  iiiln.il  xxiinl  -|irril.  |l  i-  a— iiiiinl  that  ihr  i|rr|HT  ihr  intrniirilialr  ilixrrrrmr 
laxrr.  llir  rrr.ilrr  ihr  Iniilrm  x Inn  .ml  rx  r|nrrnr-i-. 

I.arrr  xahir-  nf  ihr  iii-tahililx  miilra-t  paraiiirlrr  ilrirrniinr  ixxn  frainrr-  nl  llir  ihri'r-ilinirti-iniial 
trni|irratnrr  |iattrrii:  1 I a inarkril  lriii|M'ralurr  ^railirnl  at  TiMI  mh  .iml  a ra|>iil  ilrrrra-r  nf  lrni|>rr.it nrr 
gradirnt  from  Tiki  tn  .'iiKI  nih.  I hr-r  in  turn  arr  a—<M-iatrd  xxith  a rapiil  iniTi-a-r  nf  uimi  xxith  hrirlit  in  ihr 
lovxrr  laxrr-  In  almxr  TiMI  iiih  hill  Ih'Ihu  .'iIKI  inh.  ami  xxith  a -mall  iiirrra-r  nf  xximi  Hith  hrirlit  at  .'ilMI  nih 

and  alnixr.  Thi-  viitid  firhl  -x-trm  rr-nit- in  a hij:h  ii|>|M'r  iHiiimlarx  ami  a Invx  Inxxrr  hnnmiarx  nf  thr 

divrrrrnrr  laxrr;  ihrrrfnrr,  it  rniitrihntr-  tn  a drr|>  Innaitndiiial  dixrrrriirr  laxrr.  It  i-  |ilan-ihlr,  thrrrfnrr. 
that  larf:r  xahir-  nf  thr  in-tahilitx  rnntra-t  arr  a— ix'iatrd  xxith  nnnjillinf’  (!alrrnrx  I rxriniir-. 

I hr  rrlatinn-hi|i  nf  xxaxrlriirth  tn  xxaxr  rU*vrlo|»iiirnt  ha-  rrrrixrd  nnirh  attriilinn  in  mrtrnrnlnriral 
litcraturr.  Hrfrrriii':  tn  xxaxr-  alniij;  a -ln|iin)!  frnntal  -urfarr  nrar  -ra  Irxrl.  I’l-tti'r-'rii  ( I'MO'  ha-  iio-ln- 
lated  that  xxaxrlriirth-  nf  .TOII  tn  illKJIt  kin  xxill  iH-rniiu-  iin-lahlr  if  -iiflirirnt  -hrarinr  ninlinii  i-  (irr-rnl.  Inr 
the  tnajnr  |MTtnrhatinn-  nf  thr  n|i|H'r  almn^ilirrr.  (diarnrx  il'MTi  |irrdirl-  that  xxaxrirnrih-  of  |r—  than 
WMMI  kin  ri{nixalriit  In  a half  xxaxrlriirth  of  21°  latitude  xxill  1m-  nii-lalile  if  there  i-  -iiflirieiil  xximi 
-hear.  The  -taf;e  1 gra|ili  (Kir.  ;(}{)  pre-eiited  here  enrrelate-  the  lnii(;  half  naxeleiirth-  nf  tin  \i|i|M'r  atmn-- 
phere  xxave-  (de-irnaled  a-  -I able  hx  ( lliarnex  ) xxith  rniitiiinatinii  and  -nh-eipieni  dexeinpmeni  nf  a Inxx  -Irxel 
frnntal  xxaxe.  Thi-  i-  not  in  rnnllirt  xxith  either  IVlier-seii'-  nr  ( '.hariiex'-  hx|Milhe-e-.  Hathrr.  the  lour 
half  xxaxelenrih-  nf  thr  iip|ier  alinn-pliere  xxave-  max  Iw  im|M>rtaiit  In  the  ilexelnpnient  nf  C.alernrx  I frontal 
waves  lieraii-e  thex  are  a—neiiiled  with  a lii|;li  lexrl  «>f  nnndixerp'iirr  and  a deep  dixer(:enre  laxer  (lljerkne-. 
KHI),  or  the  Iniif:  wavelen)!lhs  max  lie  |iertiiieiil  In  this  solution  fnr  other  reasons. 

In  siinimarx.  it  is  ennrlmled  that  a salisfartorx  soliilioii  to  the  dexeinpinent  nf  ('.ateptrx  I rxrinnes  ha- 
been  achieved.  The  fnrerasiinp  rraplis  are  presented  in  Kips.  .'IK,  and  II.  The  forerasliii"  iiiililx  of  the 
roni|Misite  prapli  is  nhviniis.  No  slalislieal  iiieasiires  of  sipiiilieaiiee  were  attempted. 

A diagram  siiinmari/.ing  the  forreasting  leelmii|iie  for  the  liexelopmeiil  of  (lategorx  I rxrlones  is  pre- 
sented on  the  following  page.  .Also,  a sample  workslirrt  is  illustrated.  The  diagram  and  llie  worksheet 
were  designed  for  praetiral  appliralinn  of  the  metiHHl  bv  the  foreeasler. 


At  mt».  mraturr  thr  grtwlntphit-  Miml  N|»rril  ovrr  thr  lim  : iiiiilliliU  lit  2 1 hiMirn;  iniiti*  ufialrraifi  thimlintaiii- 
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UoHk  Sill  I T lOH  H>Ui:CASIIN(;  DEVKLOPMKNT  OF  CATEGORY  I CYCLONES 

IHI  Ml  N'l  S:  S«'tf  Ir^rl r>di>i)r of  ftonir  ftUturr  uo<l4«r  northwMt  llo%v  ai  700  mb  with  p««t  track  fro«  northwest. 

Oetr:  Time  Htirfacr  rhart  Time  upper  air 


aso  700 

1.  Mark  on  ihr*  M.'tiK,  T<N)..  r><H).mh  charts  the  location  of  the  aea  level  low  (i|pionn|t 

the  3-!ir  time  la^  hetHcrn  Mirfarc  and  U|i(>er  air  charts) 

2.  At  mil,  j»conironliio  \«i^d^|N*cd  over  the  Ioh  is X 24  * 

Movi*  up  contour  over  the  Ioh  criiter  this  diMancc. 

Tcm|M*rature  at  thin  upstream  |Miint  is  

rem(»eraturr  o\er  low  is  

Oifferenre  (advective  teriiO  is  

\t  Tint  mh,  draw  line  throiii'h  low  center  |»er|»eiidiciilar  to  belt  of  niwthweat  flow 
ami  indicate  2<M)-nnle  inter\als  f«ir  ItMM)  mites  either  aide  of  low.  Draw  llwa 
identical  a&is  on  the  5<H)-mh  chart  with  the  identical  200«mile  interval  markera. 

Kilter  hrlow  the  tem|»eratures  at  each  interval  at  l»oth  tevela: 

Suitliwest  llHKl  800  600  4<K)  2(M)  low  2l>0  400  600  800  )000  Nortbooat 
TiHt  

Indices  

Subtract  the  minimum  indei  which  must  l>e  to  the  northeast  of  the  low  from 
the  maiimum  indet  w hich  w ill  In*  adjacent  to  the  low  or  to  the  acHithweat.  This 

difference  is  the  instahilitv  contrast  and  is  .. 

^ ith  advective  term  an<(  instability  contrast,  enter  Fig.  38. 

Stage  I value  is  . 

.3.  .At  700  mb,  measure  the  distance  in  degrees  latitude  along  an  easl-weat  lino 
through  the  low  center  from  the  trough  to  the  east  to  the  ridge  line  weat.  Tbit 

is  the  half  wavelength  

At  7<N)  mh  determine  the  m<is|  northern  latitude  and  the  moat  aonthem  latitude 

of  the  contour  through  the  low  center,  the  difference  is  the  amplitude .... 

^ ith  half  wavelength  and  amplitude  values,  enter  graph.  Fig.  39. 

Stage  2 value  i-  

4.  U ith  stage  1 value  from  2 alN>ve,  and  stage  2 value  from  3 above,  enter  Fig.  41. 

Development  f«»rerast  is  Filling  witbbi  

Nonfilliog  


VKKinCATION 

FORECAST 

OBSERVED 

S|»eed 

Direction 

lnlen*‘ily  Fill  or  Nonftll 
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If).  MOVIMINT 


♦ 


< !at«‘>:<>r>  I "ciifrallx  inn\c  MiuthcaHtMard  with  of  JO  to  10  kiiotn.  If  these  ryelones 

|KTsist  loii»  i-nouHli.  howc\er,  theN  will  riTiir\e  towanl  the  northeast  anil  thus  |n>se  an  aihlitional  prohlem 
ill  the  inoieinenl  foreeast.  Heeaiise  of  this  reenrv aliire  eharaeteristie,  (!atep»r\  I evelones  move  less 
iilliforiniN  than  other  tv|H-s,  villi  ileeeleralion  often  iM'i-iirriii):  prior  to  rernrvatiire.  Aeeonliiif’ly,  simple 
e\tra|Milation  teehniipies  work  pi»>rl\.  Therefore,  the  movement  foreeast  reipiires  three  elements:  s[>eed, 
direetion.  and  time  of  reeiirvaliire.  The  s|H-ed  and  direelion  foreea'Is  are  for  a [M-riod  of  Jt  hours,  or  until 
time  of  reeurvature  if  this  is  earlier.  I'he  foreeasi  of  the  time  of  reeiirvaliire  is  the  niinilx-r  of  hours  brfore 
the  oelune  turns  north  of  east.  If  reeurvature  diM‘s  not  <H-eiir  within  .0)  hours,  the  eveloiie  is  called  "non* 
recurvine”  for  that  foreeast  js'riod. 


There  are  two  (jeneral  limitations  to  the  movement  foreeasts  of  (iatepory  I cyclones.  These  are  peo- 
praphical  and  developmental.  I.ows  lis-ated  in  or  ininiediatelv  east  of  the  moiinlain  ranpes  are  erratic  in 
nioveiiient  to  a jsiiiit  of  randomness.  Aecordinpiv,  it  is  necessary  as  the  first  step  in  the  movement  forecast 
to  evehide  all  evelones  wlfich  are  within  ItKt  miles  of  the  Wyoniinp-(iolorado-New  .Mexico  mountains.  This 
area  has  lieeii  delineated  in  I'ip.  IJ.  I'he  liH-ation  of  each  Catepory  I low  in  the  mountain  area  has  already 
Iwen  sliown  in  l ip.  iU.  The  larpe  majority  of  these  cyclones  lie  outside  of  the  mountain  area. 


The  second  peneral  limitation  ini|iosed  on  the  movement  forecast  dejiends  on  the  development  of  the  cell. 
Those  evelones  which  fill  rapidly  require  a different  movement  forecast  from  those  which  jiersist  or  deepen. 
Oliviouslv,  a frontal  wave  fillinp  rapidly  is  a shallow  system,  whereas  one  which  is  intensifying  is  likely  to 
affect  a deeper  layer  of  the  trojKisphere. 


1.51.  Speed 

The  forecast  of  the  sfieed  of  movement  for  Catepory  I eyclones  is  dependent  on  the  persistence  of  the  low. 

If  the  cyclone  fillx  in  IS  himrit  or  lesn,  speetl  prediction  is  neither  possible  nor  desirable. 

The  evelones,  as  they  fill,  move  irregularly.  The  majority  move  faster  than  the  TlXKmb 
geostrophie  wind  over  them. 

If  the  cyclone  filh  in  24  lo  42  hours,  its  speed  will  be  approximately  that  of  the  TOO-mb 
getistrophic  wind  over  the  low  for  a |»eri«Ml  of  24  hours,  or  until  the  time  of  reeiirvaiure 
if  this  is  earlier.  This  relationship  is  illustrated  in  Fig.  43. 

If  the  cyclone  persists  lonper  than  42  hours,  the  speed  of  movement  of  the  cyclone  is  related 
to  the  thermal  patterns  aloft.  In  peneral,  the  greater  the  thermal  gradient  in  the  quadrant 
northeast  of  the  low  renter,  and  the  farther  the  low  center  lies  west  of  the  isotherm  trough, 
the  greater  will  be  its  speed.  The  parameters  which  describe  these  thermal  characteristics 
are  illustrated  in  Fip.  -M.  The  first  is  the  measurement  at  700  mb  of  the  tem|ierature 
ilifference  lietween  the  low  center  and  the  coldest  air  in  the  northeast  quadrant  within  1000 
miles.  The  second,  also  at  700  mb,  is  the  distance  in  ilcgrees  latitude  eastward  from  the 
low  to  the  center  of  the  cold  isotherm  trough.  These  two  parameters  are  correlated  in 
Fip.  45. 

The  summari/.ed  data  for  the  s|ieed  of  movement  of  all  Catepory  1 cases  are  given  in  Table  3 of  .Appendix  II. 
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TIME  OF  RECURVATURE  IF  EARLIER 


F ig.  13.  F orrrant  for  •»{  < I rionr*  h hirli  fill  in  2 1 42  hoiir^*. 

r<i  l<!st  the  vuliililN  of  lli<-  fon‘^il^till^  riili>.  llir  ronirol  <iulu  );roii|>  Mas  a;:aiii  iisril.  Tlirn*  Mt-n*  only 
tMo  ras**s  of  <'\<lon<‘s  [xTsi'linf:  for  lit  lo  12  hours,  so  no  conrlnsions  i-oiilil  Iw  ilraMii  for  this  f;ron|t.  Kor 
cycloiu’s  |HTsislin^  lonpT  than  12  hours,  il  Mas  nrcrssarv  lo  ntili/r  lhi‘  ronirol  <lala  in  arri\in^  al  ihr  sohilion 
[irrsnilril  aho>r.  hen  ihr  original  <lala  (rasrs  1 lhroii;;h  lil)  Mrrr  anal\/ril.  ihr  usr  of  ihr  TiMI-nih  fjro- 
slrojihir  Minil  over  ihr  Iom  pro\i(lnl  salisfarlort  forrrasis.  Milh  a rorrrialion  r<M'fliririil  of  O.hh.  ^ hrn 
ihis  Mas  Irsird  Milh  ihr  ronirol  |;rou|i  (rasrs  Oo  ihronah  IIIO),  hoMi-\rr.  llir  rorrrialion  i-tM’flii-irnl  ilro|t|M'»l 


Fip.  VI.  SjMTiJ  forrca*!  pjiranirtir**  for  nonfillin^  ('.atrpory  I rvrionr*.  Thr  '*Matimum  Trmprralurr  Diffrrrnc^'*  ia  lh« 
trm|»rraltir«*  ilifftTriH  r from  llir  low  rrni«T  («»  *V\".  hIik'Ii  i**  thr  r«>l<ir«t  |ioin|  in  thr  northrani  <|iia«irant  within  100'.)  milrs 

«if  thr  low  rrntrr:  in  thi**  iii-t  .uirr.  1.M  . I hr  ’*1  )i«lMm'r  Kant  In  ihr  i !ol<)  rimpir*'  ii«  thr  tli!*lanrr,  in  lirf^rnra  of  latitudr,  from 
thr  low  rrntrr  to  |Hiint  "H‘*.  whirli  i-  llir  iiitrr«M*rtioii  of  thr  lAotlirrm  tr«*iif;h  raat  of  ihr  low  with  thr  latitudr  linr  of  the  low 
crntrr;  in  thia  iii^taiirr,  10  of  latitudr. 

to  U..19.  Additional  Htiidy  with  thr  total  roiiihinrd  data  provided  thr  thrrmal  M>liition  dem-ribed  above, 
producing  adetpiate  foreraKtit  for  the  entire  oaniple,  with  a rorrrlation  riN'ITirient  of  0.81.  Obviouoly,  a test 
using  a new  inde|>endent  sani|ile  is  desirable.  Ap|H'iidi\  III  lists  the  complete  information  for  the  control 
data  group. 

I..v2.  Direction  of  \fm<emenl 

f^atcgorv  I cyclones  steer  with  the  700-nib  fl<»w  rcas<*nahl\  well.  In  this  study,  "steering”  is  defined  as 
bdinws;  when  the  general  character  of  the  contmirs  over  the  low  i.«  straight  or  anticyclonically  curved, 
steering  is  motion  in  the  direction  of  the  l<n-al  flow  over  the  center  at  700  nib:  when  the  contour  |iattrrn  is 
rvrioniealiv  curved,  steering  is  defined  as  motion  downstream  along  the  contour  at  7(H)  mb  over  the  low 
center  (whirh  involves  a deviation  to  the  left  from  the  "bwal”  steering  criterion).  The  st«*ering  definitions 
are  illustrated  in  Figs.  16  and  17;  eontoiir  steering  is  more  common  than  the  Kwal  tyjie. 


DISTANCE  EAST  TO  COLD  TONGUE  AT  700  MB  IN  DEG  LATITUDE 


0 - ' ^ ' ‘ ^ - X . j 

0 5 10  15  ZO  25  30 

MAXIMUM  TEMPERATURE  DIFFERENCE  FROM  THE  LOW  TO  1000  MILES 
FROM  THE  LOW  IN  THE  NORTHEAST  QUADRANT  AT  700  MB  CDEG  CENT) 


F i*;.  IV  Fur«’*  a*t  ^rapli  for  A|>rr<l  of  iionlilling  < !a|r;:<*rv  i r>rl«»nrR.  I’lir  rurvr«»  rr|»rr'*riit  rorrr«i'*l  an<i  the  niimhrrR 

are  uriiidl  •*}M*r<U,  hnth  in  ktiota  for^l  lidiirA  or  utilil  tlir  time  of  renirvaliire.  S'!*  II. 


The  «lrvp|oj»mont  of  the  Ioh  rcll  aUo  iiii|K>rtant  in  forwii>tiiip  the  <lim'tion  of  motion. 

If  ihv  cyclone  Jilh  in  IH  hmirx  or  less,  it  wifi  nio\«-  rmili<  all\ ; the  iiiajorit)  <lc\ialr  to  the 
riplit  of  the  strrrinp  riirrrnt,  oft«-n  as  miirli  as  20°.  Tin-  |>rolialiilit\  of  iiiark<'<l  ripht 
ilrviatioii  is  pr»*atlv  iiirreasril  if  tlir  r\rlonr  has  oripinatnl  li\  forniinp  in  tlif  southi’rn 
of  a north-south  troiiph  (s«‘f  .Sp«’tion  I..'U). 

If  the  cyclone  pertiixtx  lonfier  than  IH  hoiirx,  tin*  fororastrr  slioiihl  a«suni<*  rcasonahlc  strrrinp, 
as  (irrinrii  aixivr,  for  2t  hours,  or  until  the  tinu*  of  n'<-ur\aliir<-.  if  this  is  farlirr. 


7J 


* ijj.  "I  *j|"  •.iJTfini*  ilcfiiirfl  for  Mntir%<-loniru)l)  rtir^rd  i»r  •lr«i|:lil  r.»nti*ur-  «I->h fn*ni  t hr  low . 1 hr  J<n  al  ilirrr 

(mil  of  tlow  (iho\r  lh<  low  at  7<H>  mh  ip>  •Iimwii  h\  (hr  arrow,  with  (hr  (rut'k  i>f  th«-  low  prntr  («>  rr<‘nr\ uttirr. 


Fig.  47.  Thr  mf»rr  rommon  tv|i^  'Vonliwir**  <ir  rhaiinri  nirrrinp  ilrfinnl  for  r<»ntoiir*«  nirMMl  rM'loniriilly  ilowiiHtrrnm  from 
ihr  low.  Thr  trark  of  ihr  h»w  follows  thr  contour  chaimcl  prior  fo  rmirviiturr. 


.0-  \ 

CASE  NO  25-700  Mb\  ! \ 

21  NOV  2200E-I949 

700MB  CONTOURS  # 

AND  isotherms  \ T^f 


Fig.  t8.  Hrriir> altiff  foriM  aRl  imriirnrlrro  f*>r  C I I lir  7tHl.Tnl»  '*  rf'mfH’rnliirr  n>*r  Hu-  I «»h*'  i-  '•  < . 

Moving  (l<»H  II- 1 rr  Jim  I hr  I'niitoiir  >>«  «t  (hr  Ioh  ( (hr  |i<ith  i-  -Iioh  n h>  (hr  ii.i'>h«’<}  Imt-  , tin-  ri>Mr-i  .nr  from  t h>'  Imm  • ■ i i lir 

d«iHni>trram  trough  i-*  - (i.  1'hr  rrni|H'rntiirr  IhfTrrmrr  Ihmn^trranr'  i»  ( N.»ii-  thi  u*  II  . i-oihmn 
ovrr  (hr  Ioh  jihI  (hr  him  of  ii  |»rr(iirii.i(i<tii  jii«(  (<»  form,  l lir  Mriiijil  inirk  of  (hr  Iiph  *>hou  tt  t»>  .irnpu  -> ) an  rxainjilr 

of  **l8*hoiir’’  rrrur>u(iirr. 

I nif's  fillinj:  or  nvurvatiirr  inlrr\i*mMl,  from  >lr«Tin;:  nifa-iiml  for  (In*  Jl-limir  |»o^ihon. 

The  folloHinj:  rharl  the  rrliahilit\  of  the  paraiiirlrr. 


lAm-R  lVr«*i-liiitf 
21  llotirx  i»r  M«»rr 


Strrrrd  Hilhin  10' 

Drviatnl  to  ri/;hl  |0  -40" 

Drvialrd  to  Irft  10  -30" 


Oriftiiial 

i iiirttrol 

Data 

Data 

I'otal 

33 

10 

13 

I •>\> ' 1 illm^ 

in  I r iiS  Hniirf* 

( ^ri^iital  ( jiiiirnl 

Data  Ihit.i  lot.il 


Kic  t'f.  III;;  ry  liiiii-  >1  lit  111  r-  lii'ftirf  ri-rur»  .iiiirr.  Tlii-  niii|>  12  lituir-  aflir  I i;;.  IJ*.  illiiMrjli->  llii-  rrr»l-|wrtiirlia- 

lllln■^l'•'llrt  .iliirr  ■.f'i|iii'iu  f Ilii-  i > i litni'  i.  iium  iir.irU  in  < ..ilfmm  II.  I mi;:  jii-l  In  ilir  r.i~i  ttf  ,i  |iriiiii>iiiirril  |»Ttiirlialinn,  ami 

riTiirvi‘«t  t«iiliiii  It  liitur'-. 


7 iilili'  Ilf  \|i(H-nili\  II  [irii\  iilf'  I In-  iirri-'-yr'  ilala  for  ilin-i  lion  of  iiin\  ^•lll^nt  of  I '.ili-norN  I rM-loiir..  Tlii- 
roiitrnl  nroii|i  ihitii,  tiiM-n  jn  \|i|Mt|iili\  III.  v.iliil.itr  iIh-m-  iliri-i  lioii.fi.n-i-.i-l  riilr«. 

Tinir  of  l{i’riinxttiirr 

^il^^  ilrfini'il  llii*  liinr  in  lioiir-  liefori*  llii*  r^rlotn-  lifninv  lo  iiiom-  imrlli  of  i'ii>l:  or.  in  r;iM’>  of 
rM-|oni-«  uilli  a trark  from  north  of  .'kiir.  llir  linir  iM-forr  llir  • \i  lour  iiio\r-  iliir  raitt.  or  north  of  ra>t.  In 
anah/iiii.'  thr  ilata.  ^onll■  ilifliniltt  i>  r\|M'rirnrril  in  ilrtrrininin;;  llir  rvirt  tiiiir  of  rrnir»  aliirr  in  ra'i>  of 
.t-hallou  rrnirvatiirr  aiir|r>:  lint  thi'  i-  infrri[iirnt. 

To  forrraitt  thr  tiinr  of  rrriir\ atiirr,  ihrrnial  ron'iilrration-  arr  arain  iirrr«>ar> . (irorrr  tl'il'i) 
introilnrril  thr  iilra  of  a thrrinal  "i  rr^t"  in  ilrtrrniiniii;:  thr  tinir  ami  |il.irr  of  rrriir\ atiirr  of  a rrrtain  rlasu 
of  I'M  lonrs  with  ron^i•lrrahlr  .tiiri  r^.  lirrnrv atiirr  of  liatrror^  I rM-loiir-  in  iiniialU  anMX’iatril  with  thr 
formation  of  a nrw  trounli  or  |M'rtiirhation  wr-t  of  thr  nra-lr\rl  low  |Hi>itioii.  A|i|iarriitl\  a |irrrri|iiinitr 
for  thr  formation  of  thin  troii”h  i>  an  inoihrrm  rrrnt  imln'tlilnl  in  thr  iiorthwrnt  (low  o>rr  thr  nra-lr>rl 
rM'lonr.  l iriirr  l!t  -how«  thi-  |ialtrrn  at  thr  TtMt-nih  lr\rl.  \o|r  thr  wrll-ilrlinnl  lliriiiial  rrr'I  in  thr 
virinitx  of  thr  low  (llir  ma;;nitiiilr  ol  thr  rn-'t  i-  lir-t  -rrii  whrn  \irwril  alouf;  thr  roiiloiirn.  raihrr  than  an 
rant-wrnt  liiir  of  «i;;ht).  I i;;iirr  I'i  ilr|iirln  thr  namr  ram-  IJ  hoiirn  latrr.  anil  illii'tralr'  thr  t>|iiral  ra|iiil 


Fip.  SO.  A nnn-rf(*urvtng  (ialrgury  ( r^rlonr.  In  rontraal  to  Kig.  W.  m»lr  thr  romplrlr  abfirnrr  of  an  ”inolhrrni  crrul**  over 
the  low.  'Hir  actual  track  n(  the  low,  rtliow  n by  arrows,  ilUi»tratr>«  'Vhannrl"  idrrring,  without  rreurvaturr,  f<»r  at  lra>«t  30  houn. 
Thr  reclirvatlirr. format  parameter**  arc:  "Tcni|MTat«irr  Over  the  l4»w/’  —II  ( ami ’*lVm|>erature  Difference  DownMream,'* 
3 C,  (the  cohleM  air  downstream  ahmg  the  c<int<Mir  is  — 1 1 i.).  Figures  SI  anti  S2  illustrate  the  rontrilnition  of  these  two 
parameters  to  a non*recurvatiire  ft»recast. 

development  of  a perturbation  which  Uitiially  followe  the  (wcurrence  of  a therinaU-rcKl  pattern.  Within  a 
short  time  after  trough  formation,  the  cyclone  recurves  norlli  of  east.  Figure  .'SO  illustrates  the  700>mb 
pattern  for  a Category  I low  not  associated  with  a thermal  crest.  I'his  pattern  is  not  conducive  to  trough 
formation  and  is  therefore  associated  with  nonrecurving  lows.  It  is  not  evident  from  the  data  that  the  order 
of  events  — i.e.,  crest,  perturbation,  reeurvatiire  — is  always  followed:  however,  an  empirical  relationship 
between  two  thermal-crest  characteristics  and  subsequent  reeurvatiire  was  found  to  have  forecasting 
signiBcance. 

The  two  parameters  which  define  characteristics  of  the  7(K)-mb  isotherm  crest,  and  which  apparently 
measure  its  effectiveness  in  producing  reeurvatiire  are  the  actual  tem|ieratiire  over  the  low  and  the  difference 
between  this  tcm|ierature  and  the  coldest  air  found  downstream  along  the  contour  over  the  low.  Thr 
measurement  of  these  factors  is  shown  in  F'igs.  18  ami  .>0.  These  two  parameters  are  combined  in  a single 
graph  (Fig.  .'ll)  ii|Km  which  has  Iwen  su|ieriui|Mised  a family  of  curves,  lalN'Ird  stage  3. 
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With  an  iaotherm  crent  of  given  effectiveneM  — i.e.,  a ii}ie«'ifir  ntage  3 value  the  time  lag  before 
reciirvature  depends  also  on  the  rharacter  of  the  wave  pattern  in  which  the  crcKt  is  einiteddrd.  This  feature 
can  be  measured  by  utilizing  the  stage  2 value  from  the  development  forecast  (see  pp.  59  and  62  and  Fig.  39), 
in  which  half  wavelength  and  amplitude  measurements  are  combined.  The  com|Misite  graph  correlating 
stage  2 with  stage  3 is  presented  in  Fig.  52;  this  diagram  specifies  the  number  of  hours  until  recurvature 
(up  to  30  hours).  Table  3 of  Appendix  II  presents  the  data  relative  to  this  recurvature  problem  for  all 
Category  I cyclones. 

The  control  group  of  data  was  again  analyzed  for  recurvatiire  features  in  order  to  test  the  validity  of 
this  forecasting  device.  The  results  were  satisfactory,  although  no  measureiiient  of  statistical  signihcance 
was  derived.  Appendix  III  presents  the  pertinent  control  group  data.  A diagram  summarizing  the  com- 
plete movement  foracaatiag  for  Category  I cyeloaea  in  ahown  on  page  78.  A aample  work  aheet  for  practi- 
cal application  of  the  method  by  the  foreeaater  ia  alao  given. 


FOR  FIGS.  51  ANO  52 

OPEN  CIRCLES  O ARE  RECURVING  CYCLONES:  NUMERALS  ARE  TIMES  OF  RECURVATURE. 
FILLED  CIRCLES  # ARE  CYCLONES  WHICH  DIO  NOT  RECURVE  IN  30  HOURS  OR  LESS. 

SEE  TEXT.  F.  S«  FOR  DEFINITION  OF  STEERING. 

CASES  WHICH  FILLED  PRIOR  TO  FORECAST  RECURVE  TIME,  OR  WITHIN  6 HOURS  THEREOF.  ARE 
NOT  PLOTTED  ON  FIG.  32.  THESE  CASES  ARE  LISTED  BELOW: 


CASE  NO. 

TIME  OF  FILLING 

FORECAST  RECURVE  TIME 

STAGE  9/ STAGE 

8 

18  HR 

24  HR 

4.7/  4.2 

14 

24 

ISO) 

4.2/ M 

20 

SO 

24 

8.4/ 2.1 

21 

12 

24 

8.S/  2.1 

23 

18 

18 

7.0  / S.0 

29 

18 

SO 

4.2/ 0.0 

SO 

24 

SO 

4.8/  9.S 

84 

18 

90 

4.8/  1.1 

4S 

80 

24 

8.8/  2.1 

87 

IS 

24 

8.8/  2.7 

71 

8 

SO 

S.7/  4.S 

76 


STAGE  3 


ui 

1 -10 

UJ 

a 

2 
UJ 

»-  -5 


TEMF»ERATURE  DIFFERENCE  (*0  BETWEEN  LOW  AND  COLDEST 
AIR  DOWNSTREAM  FROM  LOW  (ALONG  CONTOUR  OVER  LOW) 

Fig.  51.  Forccant  graph  fi.r  rrnirvalure  of  Cairg.iry  I ryrlonaa.  Vac  of  thia  graph  it  th«  lint  itep  in  a rrcurvalurr  forwatt. 
The  family  of  curvea  provide  tlagr  3 value*,  which  are  utiliied  in  Fig.  32,  the  final  fom-atl  graph. 


STAGE 
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Fi*.  52.  Thr  final  fnrn-aal  Krafih  for  the  rerurvalurc  of  Category  I cydonea.  To  fnreraat  the  lime  of  rrcurvature,  enter  the 
atage  3 value*  from  Kig.  51  and  the  stage  2 value*  from  Fig.  39  (of  the  developmenl  *ertion).  The  resultant  forecaal  ia  the 
number  of  hfMirs  until  recurvalure.  (Recurvalure  ocean  tvben  tliecyeloiM  turns  north  of  east.) 


TIME  (IN  HRS)  OF  RECURVING 


7« 


M(t\KMIM  HIKMIAST  lOH  tIATKGORY  I CYCU)NKS 


WORK  SHEET  FOR  FORECASTING  MOVEMENT  OF  CATEGORY  I CYCLONES 


Date 


Time  Surface  Chart. 


Tima  Upper  Air. 

700 


1.  Refer  to  Fig.  42,  If  ua-level  cyclone  ii  located  in  mountain  arei.  no  direction.epeed 
forecast  can  be  made  by  this  method.  If  low  is  not  in  mountains,  determine  boaa 
Figs.  38, 30,  and  41  development  forecast. 

Pill  within  

Noofilling 

2.  If  low  is  forecast  to  fill  within  18  hrs  or  leas,  no  movement  forecast  can  be  made.  On 
an  average,  speed  will  be  greater  than  700.mb  flow,  and  direction  to  right  of  steering 
current  at  700  mb. 

TOO.mb  geostrophie  wind  apeed. 

Forecast  spaed 

3.  If  cyelooe  will  fill  within  24-42  hrs,  speed  will  be  approaimately  that  of  the  TOO^aab 
geostrophie  wind  speed  over  the  low.  See  Fig.  43  for  speed  forecast. 

II cyclooe  will  persist  longer  than  42  hrs,  at  700  mb,  measure  distance  in  degrees  latitude 

east  to  the  cold  tongue  (thermal  trough)  

At  700  mb,  determine  temperature  over  low  and  ooMast  temperature  sritbin  1000  miles 
in  nortbeaat  quadrant  from  low. 

Temperature  over  low 

Coldest  temperature  to  northeast 

Msiimum  temperature  difference  is 

With  distance  east  to  cold  tongue  and  maiimum  temperature  diffe>*enoe,  enter  Fig.  45. 
Forecast  speed  of  low  is 

4.  For  all  cyclones  persisting  24  hrs  or  longer,  to  forecast  direction,  examine  700.mb 
contours  over  low.  If  it  curves  sotKyclonically  downstream,  or  straight,  move  with 

local  flow  immediately  over  low 

If  contours  curve  cyclonicaUy  (even  slightly), steer  vrithin  the  contour  channel  over  low 

5.  For  all  cyclones  persisting  24  hrs  or  longer,  to  forecast  time  of  recurvature,  determine 

on  700  mb  the  temperature  over  the  low 

At  700  mb,  locate  the  coldest  air  found  by  moving  downstream  along  the  contour  over 

the  low  (not  crossing  the  trough).  Coldest  downstream  temperature  is 

700^nb  temperature  minus  coldest  downstream  temperature  is 

With  700.mb  temperature  over  low  and  temperature  difference  dosmstream,  enter 

Fig.  51.  Stage  3 value  is 

Refer  to  development  forecast,  and  note  value  oaed  there  for  stage  2.  See  Fig.  39 

With  stage  3 value  and  stage  2 value,  enter  Fig.  52  time  of  recurvature  is 

6.  Move  the  Category  I cyclone  with  the  apeed  from  3 above,  in  tbe  direction  indicated 

from  4 above,  for  the  number  of  hours  until  recurvature  from5  above,  or  if  non-recurv* 
ingfar24hrt 

Forecast  position  of  low 

At  time 


* Latitude 


HO 


2.  CATEGORY  11  CYCLONES 


2.1.  INTRoni'CnON 

('atrnory  II  i-ychmrs  are  drrinril  oh  ry Honrs  Kith  a past  trark  from  tlie  northwest  quadrant  and  located 
under  .soiitliwest  tloK  at  7<10  mh,  hut  the  flow  is  prodiierd  bv  a minor  |>erturbation  in  a basically  northwest 
(loK  pattern.  An  evainple  of  this  type  of  low  can  Ik*  s«*eii  in  Fig.  49. 

The  distinction  lietwecn  a mere  |ierturhation  and  major  trough  at  TOO  mb  is  easily  made  subjectively. 
However,  an  objective  method  for  determining  Khether  a cyclone  fits  ('ategory  11  is  as  follows; 

1.  \t  700  mb,  l«M'ate  the  surface  position  of  the  low  and  the  associated  trough  that  is  producing  the 
southwest  flow. 

2.  From  the  latitudeof  the  low,  measure  in  degrees  latitude  the  amplitiidesof  the  contour  through  the  low 
at  tlie  major  ridge  to  tlie  west  (a^)  and  the  minor  ridge  to  the  east  (a,).  .Mso  measure  the  latitude  difference 
of  this  contour  from  the  minor  ridge  to  the  major  trough  further  east  (a/).  These  amplitude  measurements 
are  illustrated  in  Fig.  1(6). 

Vi'hen  o,  is  less  than  both  a„  and  o/,  then  the  rase  is  assigned  to  C.ategory  11;  however,  if  a,  is  greater 
than  10  degrees  latitude,  then  the  trough  is  major  regardless  of  other  considerations,  and  the  rase  is  assigned 
to  Category  III.  These  lows  are  not  essentially  different  from  Category  I cyclones  and  forecasting  tech- 
niipies  are  nearly  identical.  Separate  treatment  is  accorded  them  for  reasons  of  clarity  and  continuity. 
Ill  sharp  contrast  to  Category  I lows,  these  cyclones  are  prone  to  lie  nonfilling:  cases  where  filling  occurred  in 
less  than  21  hours  are  rare.  (Category  II  cyclones  are  found  in  the  same  general  area  as  Category  I cyclones. 
Category  II  cyclones  were  less  frequenc  than  (Category  I,  occurring  less  than  once  per  month  in  the  winter 
season. 

2.2.  PATA 

.Appendix  IV  presents  the  data  for  the  Category  II  cyclones  that  were  studied,  employing  the  same  data 
sample  used  for  Category  I cyclones. 

2.3.  ORIGIN 

The  pattern  of  origination  is  not  definitive  because  of  the  small  sample  of  Category  II  lows,  however, 
some  statements  are  {lertinent.  Numerous  Category  II  cyclones  originated  as  Category  I lows  under 
northwest  flow.  Some  of  these  are  included  in  the  Category  I data  sample;  others,  for  analytical  reasons, 
could  nut  be  handled  until  they  fell  into  Category  II,  though  the  origin  was  obvious.  Some  cyclones  origi- 
nated as  Category  II;  the  first  appearance  of  the  surface  low  was  beneath  a perturbation  at  700  mb. 

A Category  II  cyclone  ran  sometimes  develop  from  a Category  III  pattern.  In  this  instance,  the 
amplitude  measurements  which  defined  the  trough  as  a major  system  are  altered  by  intensification  of  the 
western  ridge  aloft.  The  resulting  trough  becomes  a perturbation  and  the  cyclone  is  classified  as  Category  II. 

2.4.  DKVEI.OP.MKNT  OF  CATEGORY  II  CYCLONES 

It  would  be  expected  that  Category  II  cyclones  would  develop  similarly  to  those  of  Category  I because 
of  the  basic  similarity  of  the  upper-air  patterns.  Tliis  was  found  to  be  the  case. 
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2.11.  Inslahilily  CimtrusI  1'uramt‘hr  (S«*e  Section  1.4.  p.  56  ) 

In  a|>pl\inj;  the  coiireiit  of  iii<i|aliilit\  conirasl  to  the  Calep>ry  II  cvi'loiie,  only  one  clian{;e  from  the 
Category  I leclinitpie  was  iii't'essarx , and  that  was  the  orientation  of  the  inslahilily  index  axis.  Ily  inference. 
Category  II  axes  should  Ih'  aligned  |H'r|H'iidienlar  lo  the  hasie  northwest  How  |iallern  which  has  Iteen  <lis- 
turbed.  In  practice,  this  is  diflicnlt,  es|H-4'iall\  in  thos4'  cas«‘s  with  a hroad  shallow  |M-rtnrl>ation.  .\  tech- 
nitpie  which  acconiplishes  almost  the  same  end  is  lo  align  the  axis  |ier|M-ndicnlar  lo  the  past  track  of  the  low. 
The  instability  contrast  parameter  is  not  oxerly  s«‘ii.-itive  lo  small  changes  in  axis  alignment,  nor  to  minor 
teni|ieratnre  variations.  This  axis  orientation  produced  acceptable  results. 

2.12.  850-mb  Temperalure  Adtrtlitv  Term  (See  Section  1.1,  p.  59  ) 

This  factor  in  develo|imenl  is  used  in  the  same  manner  as  for  (Category  I cyclones.  Onerally,  the 
850-mb  patterns  present  a more  aecentnatetl  trough  system  with  the  low  and  a greater  tem|>eratnre  gradient 
than  a (Category  I cyclone.  (]4>nseipicntl\ , the  ailvective  term  is  more  im|M>rtant  in  Categorv  II  rases.  The 
aieroge  advectivc  term  for  Category  I lows  was  — 1'’;  it  is  slightly  greater  than  —5°  for  Category  11  cyclones. 

2.13.  Half  Watelenfifh  and  Amplitude  (.'ve  .'^•tion  1.1.  p.  56  ) 

The  measurements  for  half  wavelength  ami  amplitude  are  niatle  in  the  same  manner  as  for  Categf>ry  I 
cyclones.  The  measurements  are  for  the  basic  macr<M-irculation  pattern,  completely  ignoring  the  small  area 
of  southwest  flow  due  to  the  |ierturbation.  It  wouhl  la*  expected  that  f lalegorx  II  c\ clones  wouhl  (a'ciir 
with  longer  wavelengths  than  Category  I cyclones,  ^incc  the  pre«ence  of  a |MTturl>ation  in  the  northwest 
flow  to  a great  extent  predicates  a longer  wavelength.  This  was  foiiml  to  l>e  true;  iiivruge  half  wavelength 
for  Category  I was  33®  latitude;  for  Category  II  cychmes.  12".  I’he  amplitude  relationship  l>etween  the 
categories  is  not  seMdivious,  with  only  a difference  of  5"  Itetwcen  average  amplitudes. 

In  summary,  the  technicpie  for  handirng  Category  II  cyclones  is  similar  ti>  that  for  hanilling  Category  I. 
The  axis  at  mb  for  deterininati<m  of  the  instabilitv  ciuitrast  parameter  is  laid  out  differently  ; other  than 
that  the  parameters  are  measured  and  utili/.ed  in  the  same  fashion.  Indiviilual  stage  I-2-composite  graphs 
are  not  presented.  The  composite  graph.  Kig.  11.  does  ina'lude  each  (iategory  II  case,  plotted  from  the 
original  data  listed  in  .\ppendix  IV.  The  validity  of  the  Categorv  II  teehniipie  could  not  be  tested  on  inde- 
pendent data  since  the  contnd  group  (see  .\p(iendix  III)  included  only  two  cyclones  of  this  type.  For  prac- 
tical application  of  the  forecasting  device  on  development  of  (iategory  II  cyclones,  the  forecaster  is  referred 
to  pp.  78  - 79,  which  presents  a schematic  <liagram  of  the  method  and  a sample  work  sheet. 

The  investigation  of  the  movement  of  Category  I cyclones  emphasized  that  the  forecast  problem  dealt 
with  the  specific  time-interval  during  which  the  cyclone  was  moving  from  the  northwest;  when  recurvature 
occurred,  no  prediction  of  moveinent  could  be  made. 

The  time  of  recurvature  of  Category  II  cyclones  is  0-12  hours  (see  Appendix  IV);  almost  50  percent  actu- 
ally recurve  in  "zero”  hours,  meaning  that  the  track  changes  to  north  of  east  immediately.  For  this  reason,  no 
forecast  can  l>e  made  of  speed  or  direction.  Further,  the  only  feasible  recurvature  forecast  is  that  recurvature 
uiU  occur  uithin  the  next  12  hours,  (this  forecast  is  made  without  reference  to  thermal  patterns).  Thereafter, 
the  cyclone  is  handled  like  those  of  Category'  IV  and  the  forecaster  is  referred  to  that  section  of  this  report. 
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CATEGORY  III  CYCLONES 
R.  D.  ROCHE  AND  II.  B.  VISSCHER 


1.1.  INTRODUCTION 

The  Category  III  cyclone  is  one  that  moves  southeast  beneath  southwest  flow  at  700  mb  due  to  a major 
trough  at  that  level.  To  determine  objectively  whether  or  not  the  trough  should  be  considered  as  a 
major  entity,  it  is  necessary  to  consider  the  amplitudes  of  the  trough>ridge  pattern  at  700  mb.  The  objective 
technique  has  been  presented  in  Category  II  Cyclones  on  page  80.  For  Category  III  cyclones,  measure  the 
amplitudes  a„  a„,  a/.  If  a,  is  greater  than  10  degrees  latitude,  the  case  is  Category  III;  if  a,  is  greater  than 
either  a«  or  a/,  the  cyclone  is  also  Category  III.  This  category  of  cyclones  is  important  because  the  cyclones 
have  a history'  of  movement  across  the  wind  flow  aloft  and  a high  percentage  of  prognostic  errors  are 
associated  %^'ith  a continuation  of  this  movement.  A typical  Category  III  cyclone  is  shown  in  Fig.  1(c). 
The  initial  location  of  all  Category  III  cyclones  has  been  shown  in  Fig.  53;  it  is  possible  that  this  type  of 
storm  may  be  indigenous  to  the  region  just  east  of  the  Rocky  Mountains.  These  cyclones  occur  less 
frequently  than  Category  I,  only  one  to  two  times  per  month  in  a winter  season. 

The  forecasting  devices  for  development  and  movement  of  Category  III  cyclones  are  not  comparable  in 
detail  nor  in  accuracy  to  devices  for  cyclones  of  other  categories.  Though  the  sea*level  systems  are  generally 
large  and  relatively  mature,  they  are  often  multicentered  and  lack  compactness,  and  to  a large  degree  this 
complexity  prohibits  precise  analysis. 

1.2.  data' 

The  sample  data  was  the  same  as  for  Categories  I and  II;  Category  III  cyclones  are  case  numbers 
201-239.  The  same  independent  data  for  control  purposes  were  used  here,  involving  cases  240-267.  Tables 
1 and  2 in  Appendix  V cover  these  data. 

M.  ORIGIN 

Although  the  time  .'elationship  between  the  four  categories  of  cyclones  has  been  substantiated,  few  of  the 
Category  III  lows  can  be  shown  to  have  passed  through  the  Category  I or  II  periods.  This  is  not  surprising* 
however,  since  the  transition  from  Category  I or  II  to  Category  III  or  IV  is  usually  rapid,  and  uppw  air 
charts  12  hours  apart  may  well  miss  a stage.  The  majority  of  Category  III  cyclones  formed  in  the  mountain* 
lee  area  under  southwest  flow  aloft,  or  moved  in  from  the  Canadian  Mountain  area  acrosa  the  upper  air  flow; 
however,  the  origin  is  not  pertinent  to  the  forecasting  devices  presented  here. 

1.4.  DEVELOPMENT  OF  CATEGORY  III  CYCLONES 

Approximately  50  percent  of  these  cyclones  do  not  materially  change  their  intensities  within  a 30-hour 
period;  25  percent  fill  (decrease  in  intensity)  and  25  percent  deepen.  The  development  forecast  is  therefore 
of  lesser  importance  than  for  other  categories.  Figure  54  diagrams  the  intensity  changes  for  all  Category  III 
cases,  and  indicates  the  forecast  ranges  for  filling,  no<hange,  and  deepening  cases;  intensity  measurements 
have  been  made  according  to  the  method  described  on  p.  18.  The  development  forecast  then  con- 
cerns predicting  an  increase  in  intensity-count  of  5 or  more  (deepening),  a change  of  less  than  5 in  either 
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direction  (no<h8ngc), . d«-r««  of  g«.,er  tb.n  5 but  .till . do«d  circulation  .y.tcn.  (fiUing),  or  . dec«.« 
of  intensity  count  of  greater  than  5 with  a resulting  pressure  trough  only  (bUing-to-trougb). 

A strong  indicator  of  intensity  change  for  Category  HI  cyclones  was  inunediatelv  appa„„t  in  the  central 
pressure  of  the  seadevel  cyclone:  in  general,  a pressure  of  lOQO  mh  or  lugher  w.,  associated  with  ailing  to  a 
trough,  ailing,  or  no^^hange;  when  the  central  pressure  was  less  than  1000  mb.  no^hange.  or  dee^ning 
predominated.  The  arbitrary  dividing  line  of  1000  mb  appears  to  be  signi^nt.  ^ 

tro . T'l  Wgher  than  1000  mb.  it  was  found  that  the  location  of  the 

ugh  aloft  was  a controlling  fcatum  of  the  intensity  change,  especially  in  determining  whether  or  not  the 
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INITIAL  INTENSITY  COUNT 


INTENSITY  CHANCE  IN  30  HOURS 


Fig.  54.  Inl(>n«i(jr  change*  wilhin  30-hour  period  for  til  Category  III  ryclonra,  Thit  diagram  illualratra  the  rangea  for  the 
development  forecast. 

cyclone  would  fill  to  a trough.  With  cyclones  whose  central  pressure  was  less  than  1000  mb,  the  location 
of  the  trough  aloft  was  less  pertinent.  Two  other  factors  indicated  the  growth  or  decay  of  the  storm.  These 
were  the  height  of  the  500>nib  contour  over  the  low  and  the  700>mb  half  wavelength. 

In  attempts  to  express  the  central  pressure  parameter  in  a more  direct  component  of  development, 
numerous  upper  air  factors  were  tried.  Thermal  patterns  and  contour  configurations  produced  two  other 
possible  solutions.  Tests  on  independent  data  were  indeterminate  however,  and  moreover,  the  results  were 
not  superior  to  the  simple  technique  shown  above.  Hierefore,  the  following  procedure  is  outlined  for 
forecasting  the  development  of  Cstegory'  III  cyclones  for  a 30-hour  period: 

1.  At  the  time  of  classification  of  the  cyclone  as  Category  III,  determine  the  lowest  central 
pressure  of  the  sea  level  system. 

2.  If  the  central  pressure  is  1000  mb  or  higher, 

a.  Examine  the  SOO-mb  chart  for  the  location  of  a closed  system  at  that  level  (shown 
hy  actual  closed  contours,  or  definite  easterly  winds,  or  reversal  of  north-south  height 
profile  in  that  area).  If  there  is  a closed  cell  within  800  miles  of  the  surface  low  loca- 
tion, deeming  taU  occur. 


Fi(.  SS.  MeaMirement  of  dUunce  up-oontour  at  500  mb  for  foncaiting  the  development  of  Category  III  Iowa  (when  central 
preaanre  la  more  than  1000  mb).  In  thia  illuatration  the  ap<conlour  diatance  ia  greater  than  1200  milm. 
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Fif  - 56.  The  meaiureiiieDt  of  half  wavelen^h  at  700  mb  foe  foreeaatinf  the  development  of  Category  III  Iowa  (with  a central 
peemiire  lem  than  1000  mb).  The  wavelength  meaeurement  here  ia  12*. 
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Fig.  57.  I)fvrlo|imrnt  forrca»l  graph  for  (Utrgorr  III  < yrlonra  with  rrntral  pmirurr  1000  mb  or  morr. 

b.  If  there  is  not  a <%*«"il  low  at  .'»00  nib.  measure  in  miles  the  ilistanre  up-r-ontoiir 
from  the  low  to  the  edee  of  the  nortliwestTlow^llSuallT.  the  location  of  the  contour 
trough).  This  measurement  is  illustrateil  in  Fig.  .'>!>.  F.nter  Fig.  .iT  with  this  dis- 
tance parameter  and  the  surface  central  pressure.  Forecast  intensity  changes  in 
accordance  witii  curves  on  the  graph. 

3.  If  the  central  pressure  of  the  surface  cyclone  is  lower  than  1000  mb.  then  at  700  mb, 
measure  in  degrees  latitude  the  half  wavelength  of  the  contour  pattern  along  the  latitude  of 
the  low  cell  from  the  trough  line  to  the  eastern  ridge  line.  This  is  illustrated  in  Fig.  36. 

At  500  mb,  determine  the  actual  contour  height  directly  over  the  low  center.  F.nter 
■ Fig.  58  with  these  two  measurements  and  forecast  the  intensify  change  accordingly. 

The  forecasting  graphs  in  Figs.  57  and  58  contain  the  entire  data  sample,  including  the  independent 
control  data.  Tables  1 and  2 of  Appendix  V present  the  specific  measurements  for  all  cases.  The  signifi- 
cance of  the  graphs  is  apparent  without  statistical  evaluation.  A sample  work  sheet  designed  for  practical 
application  of  this  technique  is  presented  at  the  end  of  this  section. 

1.5.  MOVF.MENT 

The  prognosis  of  movement  of  Category  III  storms  is  important.  As  pointed  out  earlier,  errors  in  this 
foi*ecast  are  most  common  because  the  track  of  the  cyclone  is  across  the  prevailing  flow  aloft.  Unfortunately, 
the  majority  of  these  cyclones,  while  well-develo|ied  and  covering  a large  area,  have  a flat  multi-centered  core 
which  makes  it  difficult  to  define  any  one  point  as  the  "renter.”  For  this  reason,  the  movement  forecast 
presented  here  will  deal  with  the  primarylrack  of  the  cyclone  and  not  with  the  detailed  prognosis  of  direction 
and  speed. 
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700  MB  HALF-WAVE  LENGTH  *LAT 
(WEST  OF  LOW  TROUGH  TO  EAST  OF  LOW  RIDGE) 

Kif;.  58.  I)rM-l<i|iinrnl  forn'iiol  |;ra|ili  for  Oalrpiry  III  ryrioncr  hiiIi  rrniral  pminurr  lean  than  1000  mli. 

■All  iilciitit';il  iiiovrinrnt  aiiul>.-i>  lia>  Iktii  |H<rform«*<l  by  (loorpp  in  i-onncrtion  with  a group  of 

rvclonrs  moving  soutlu'a>l>«ar<l  arrows  the  up|KT  air  flow.  F.SMMitially . this  analysis  rstahlislirii  the  fact 
that  the  future  path  of  the  evelone  is  to  a large  ilegree  ilej>en(lent  u|m»ii  the  thermal  pattern  in  the  area  at 
TOO  mh.  The  present  investigation  has  shown  that  the  development  of  the  storm  is  likewise  im|M>rtant. 

If  the  evelone  is  foreeast  to  fill  (based  on  Figs.  .'>7  ami  .v8).  it  should  l>e  assumed  the  traek  will  be  pre- 
dnminantiv  south,  regardless  <if  thermal  patterns  aloft.  This  ap|H-ars  to  Im*  aeeiirate  when  fdliiig  to  a trough 
is  foreeast,  with  lesser  signifieanee  when  onlv  slight  filling  is  involved.  Few  eases  are  involved  here,  less  than 
20  |M'reent  of  the  data  sample.  Figure  .VI  shows  an  example  and  the  snhsetpient  path  of  a Category  ill 
evelone  that  lilleil  to  a trough.  It  is  eommon  for  the  path  t.»  la’  along  the  erige  i>f  the  mountains.  It  should 
be  iNirne  in  mind  that  this  movement  is  not  typieal  of  Category  III  eyelones  whieh  do  not  fill. 

Category  III  eyelones  foreeast  to  dee|M'n  or  to  remain  unehanged  are  more  eommon  than  those  foreeast 
to  fdl  and  have  a different  pattern  of  movement.  These  systems  move  southeastward  aeross  the  flow 
pattern  to  the  southern  edge  of  the  isotherm  rihlam  (referred  to  as  the  thermal  erest  area)  on  the  700-mb  ehart 
at  the  time  of  elassifieation.  thenee  reeurving  and  '"steering'*  with  the  7(M)-nih  eontour-flow  at  that  point 
in  the  pattern.  The  eyelones  freipiently  maintain  fixed  |H>sitions  relative  to  the  eontour-thermal  patterns 
whieh  are  translating  with  the  wind  fl<iw  at  TIM)  mh:  however,  the  instantaneous  pieture.  i.e..  the  IvKation 
of  the  thermal  erest  on  the  ehart  for  the  lime  of  elassifieation.  gives  highly  reliable  results  in  showing  the 
future  traek  of  the  low.  An  example  of  a dee|iening  Category  III  eyelone  following  this  traek  is  given 
in  Fig.  60. 


90 


FIf.  60.  Aa  raaaple  of  a Category  III  cyclone  forecaat  to  deepen  and  it*  track.  Note  the  pronounced  isotherm 
thermal  creat.  From  a "enapehot”  eiewpoint,  the  cyclone  moves  ilouth  into  the  crest  area  and  then  re- 
canrm,  BMTing  with  the  TOOnnb  oontour*  over  the  recurvature  point. 
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In  forecasting  movement  of  these  cyclones  by  the  above  technique,  it  is  necessary  to  delineate  somewhat 
subjectively  the  thermal  crest  and  the  isotherm  ribhttn.  The  general  rule  is  that  the  southern  edge  of  the 
ribbon  is  at  the  isotherm  south  of  which  the  spacing  is  altoiit  double  that  lietween  the  widest  spaced  isotherms 
in  the  ribbon.  Figure  60  illustrates  a well-defined  ribiton.  It  was  found  in  this  investigation  that  the 
thermal  crest  center  is  a fairly  accurate  |M>int  of  re<‘urvature:  however,  a refinement  is  possible  by  considering 
the  original  location  of  the  cyclone.  If  located  south  of  33°  latitude,  the  cyclone  will  recurve  200-400  miles 
north  of  the  thermal  crest  area  (and  in  these  cases,  the  ribbon  is  usually  poorly  defined);  if  located  north  of 
45°  latitude,  the  cyclone  tends  to  recurve  200—100  miles  south  of  the  thermal  crest  area.  Cyclones  located 
between  35-45°  latitude  recurve  very  close  to  the  ideal  crest-point. 

(Earlier,  it  was  noted  that  Category  III  cyclones  were  often  multicentered.  An  investigation  of  this 
feature  proved  interesting  although  not  especially  helpful.  Cyclones  located  north  of  approximately  45° 
latitude  divide  into  two  cells  when  recurving,  the  primary  cell  behaving  as  described  heretofore.  The 
secondary  cell  usually  remains  in  the  lee-of-the-mountain  area,  and  must  be  treated  as  an  independent 
cyclone  according  to  its  category  classification.  However,  when  the  Category  III  cyclone  is  located  south 
of  about  35°  latitude,  it  does  not  clearly  divide  as  it  recurves  and  for  all  practical  purposes  it  remains  as  a 
single  cyclone.  In  the  35-45°  zone,  recurving  cyclones  may  or  may  not  leave  behind  them  another  low- 
pressure  cell. 

As  mentioned  before,  the  speed  of  movement  of  Category  III  cyclones  was  not  amenable  to  treatment. 
However,  a general  statement  may  be  of  value:  Category  III  cyclones  will  move  rapidly  (at  the  extrapolated 
speed  or  faster)  until  they  reach  the  recurvature  point;  thereafter,  rapid  deceleration  usually  occurs  as  the 
cyclones  head  northeast.  A sample  work  sheet  is  presented  on  page  92  fur  forecasting  the  movement  of 
Category  HI  cyclones. 
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WORK  SUKKT  FOR  FORKCASTING  CATEGORY  III  CYCLONES 


REQURF.MF.NTS:  Sea  level  ryrione  of  rea»onalile  atature,  located  beneath  aouthweat  flow  at  700  mb,  with  a paat  track 
from  the  northweat. 

Date Time  SF('  Map Time  F'pper  Air.  

UK’.ATION  ()FC.\TFGORY  ill  CYCLONE 

DEVELOPMENT: 

1.  From  aurfare  aynnptir  chart,  the  loweat  central  proKiirc  of  cyclone  ia  ....  mh. 

2.  If  central  prcaaurr  ia  I0(M)  mh  or  higher,  mark  p<iaitii>n  4>f  aurfare  low  tin  the  SIK)-mh  chart,  ignoring  3-hr  time  lag 
between  aurfare  anil  up|>er  air  mapa. 

(a)  If  there  ia  a rloaeil  low  at  500  mh  within  H(NI  milea  of  the  location  of  the  aurfare  cyclone,  FOREf^AST  DEEP- 
ENING OF  THE  LOW.  Yn  or  .Vo. 

(b)  If  no  cloaetl  low  at  500  mb,  meaaure  iliatanre  in  milea,  at  500  mb,  up-contour  from  the  low  to  edge  of  north- 
weat  flow  (uaually  contour  trough). 

Thia  diatanre  ia  mi. 

(From  I .)  Ontral  preaaure  of  low  ia  . . ..  mb. 

Enter  Fig.  57  with  theae  two  valuea  and  FOHFC.AST  FILLING,  or  NO  CII.ANGE,  aa  indicated. 

Forrcaat;  

3.  If  central  preaaure  ia  leaa  than  1000  mh,  mark  location  of  low  at  iKitli  700-  and  500-mh  rharta  (ignoring  3-hr  time  lag)- 

(a)  At  700  mh,  meaaure  in  degreea  latitude  the  half  wavelength,  meaauring  along  latitude  of  low  from  the  trough 
weat  to  the  ridge  raat. 

HALF  VI  AVF.LENGTII  IS 

(b)  At  500  mb,  determine  height  value  of  contour  over  low  center  in  hundreda  of  feet. 

500-mb  HEIGHT  IS 

(c)  Enter  Fig.  58  with  (a)  and  (h)  valuea,  and  FORLX.AST  NO  CII.ANGE,  or  DEEPENING,  a:  indicated. 

Foreraat:  . . 


VERIFICATION:  Initial  intenaity  count  . 

Intenaity  count  30  hra  later 

Change  in  intenaity:  . Claaa  . . 


MOVEMENT:  From  Development  forecaat  almvc,  low  i»fiUinfnr  nonfillinn. 

1.  If  low  ia  fiUinf  (either  fill-tti-trough,  or  filling),  forecaat  movement  of  ryrione  generally  aouth.  No  apeed  forecaat  ia 

provided.  Forecaat  . 

2.  If  cyclone  ia  nonfilling  (either  no-change,  nr  dee|tening).  locate  cyclone  on  the  700-mh  chart.  I.  ATITl’DE^  OF  LO^ 

IS 

D (a)  Eiamine  700-mb  chart  for  thermal-creat  area.  Mark  thia  "reeurvature  area"  on  map. 

I (I)  If  latitude  of  low  ia  north  of  44°,  move  cyclone  along  ahorteat  path  to  point  200-400  milea  $oiUh  of  recur- 

R vature  area.  Thereafter,  recurve  low  with  700-mb  flow  over  thia  point. 

R LOCATION . 

C 

>|-  (2)  If  latitude  of  low  ia  35—14°,  move  low  along  ahorteat  path  to  reeurvature  area;  thence  recurve  with  700-mb 

I flow 

O (3)  If  latitude  of  low  ia  aouth  of  35°,  move  cyclone  along  ahorteat  path  to  point  200-400  milea  north  of  recur- 

N vature  area  (uaually  poorly  defined  in  theae  caaca).  Thence,  recurve  low  with  700-mb  flow- 

S (b)  In  general,  these  cyclonea  move  faster  than  estrapidatrd  apeed  to  the  reeurvature  area,  or  point. 

P FORECAST  SPEED 

E After  reeurvature,  deceleration  will  occur  aa  low  becomea  "steered." 

E FORECAST  SPFiED  


3.  Cyclones  north  of  44°  usually  leave  a well-formed  secondary  cell  west  of  them  aa  they  recurve.  Forecaat  this  secondary 
low  as  an  independent  cyclone.  Cyclones  south  of  35°  usually  do  not  leave  a secondary  cell,  but  recurve  as  a single 
irell-  shaped  cyclone. 


VERIFICATION:  RECliRVATHRE  AREA: 

FORECAST 

ACTl  Al 

SPF.ED  before  reeurvature 

FORECAST 

. ACTl'Al 

.SPEF.D  after  reeurvature 

FORECA.ST 

. ACTl'AL 
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CATEGORY  IV  CYCLONES 

H.  J.  SIIAKKR  AND  I*.  W.  KI  NKK 


U.  INTKOmtniON 

Hy  (hTinition,  (!al«'f»or>  IV  cNrloiies  arc  t(M-at4‘il  un<l<*r  Koiitliwcht  flow  ami  arc  moving  from  thr  Bontli- 
west.  Thes4'  cvi-loiirs  arc  l•omlIlon  over  llir  lantern  lialf  of  tlir  rnitril  Slates  anti  are  generally  repartletj  as 
tlee|»eiiing  t\j>e  storins;  they  t»eeur  as  fre<|uently  as  ten  times  |»er  imnith.  For  the  |iur|M>ses  of  this  study, 
the  following  defiiiitioiis  ami  rei|uisites  ap|>lv; 

a.  I'he  surfaee  eyelone  is  ha-atetl  untler  flow  frt>m  the  southwest  f|uadrant  at  R!>0  mb,  700  mb,  and 
litM)  mb.  Flow  frtim  north  of  west  over  the  surfaee  low  preidmles  treatment  untler  this  seetion. 

b.  Tbe  histitry  tif  movement  of  the  eyelone  must  also  l>e  frttin  the  southwest  quadrant  ft*r  at  least  12 
hours  prior  to  the  time  at  whieh  the  foreeast  is  made. 

c.  No  attempt  shoultl  l>e  math*  tt>  apply  these  teebniques  tt>  "seenndarv"  type  storms  until  such  "see- 
ondaries"  have  beettme  established  entities  (i.e.,  a valid,  separate  and  elosed  surfaee  eireulation 
has  existed  for  at  least  12  hours). 

d.  Vi'hile  not  a retjuisite,  it  should  be  noted  that  no  storms  have  been  ineluded  in  the  independent  or 
dependent  data  whose  |>osition  at  the  time  of  foreeast  was  west  of  the  9.ith  meridian.  It  was 
believed  desirable  to  rule  out  as  far  as  praetieal  all  possible  orographic  effects. 

In  contrast  to  Category  I cyclones,  whieh  display  a general  tendency  to  fill.  Category  IV  cyclones 
generally  teud  to  deepen. 

U.  APPLICATION 

All  forecasts  are  for  a 30-hour  period  which  begins  with  the  time  of  the  synoptic  surface  data.  In  the 
section  dealing  with  speed  and  direction  of  movement,  the  forecast  values  will  be  the  30-hour  average  s(>eed 
and  direction.  With  some  cyclones,  frequent  accelerations  and  course  shifts  make  application  of  these  values 
for  periods  shorter  than  18  to  21  hours  questionable. 

U.  MEASUREMENTS 

In  studying  cyclones  of  this  category,  considerable  use  has  been  made  of  the  areas  of  cross-isotherm  flow 
at  850  mb.  These  areas  have  also  been  called  areas  of  "apparent  warm  or  cold  advection."  It  is  recognized 
that  these  are  not  necessarily  areas  of  real  advection.  The  area  of  "apparent  warm  advection"  at  850  mb 
is  normally  located  in  the  northeast  quadrant  of  the  surface  low  in  question,  and  the  area  of  "apparent 
cold  advection"  in  the  southwest  quadrant. 

For  simplicity  of  measurement,  these  large  areas  of  cross-isotherm  flow  have  been  further  defined  to 
have  centers  of  action,  designated  Aw  and  A„  for  the  warm  and  cold  cross-isotherm  flow  respectively.  As 
shown  in  Fig.  61,  these  centers  can  be  located  objectively.  The  position  of  the  surfaee  cyclone  is  marked 
on  the  850-mb  chart.  Contour  lines  south  of  this  low  position  that  are  part  of  the  850-mb  trough  system 
are  noted.  Tbe  forecaster  may  use  his  discretion  in  selecting  one  contour  north  of  the  low  position  if  it  is 
clearly  part  of  a broad  belt  and  channels  the  low  with  the  nest  higher  numbered  contour.  In  the  case  of  a 
closed  contour  system  at  850  mb,  the  innermost  height  !iue  should  not  be  used.  If  the  system  is  flat,  it  is 


LOW 


Pig.  61.  Ixiration  of  1,^,  H.iO  mb.  U .inn  vro'-'t-othmii  flou  i»it  tlir  ojh'ii  i'i»nti>iir  rangr»  frnni  * 1 to  — 1 1 nr 

an  average  tem|M*raturr  of  alMMit  I In- !•»<  .iif**  |m>ioI  I.  >iimljrU.  jMMn!** /I  ainl  ( «irr  foiimi.  Tin*  ”milrrofpra\il>‘’ 

(or  .-Iv)  <’f  the  triangle  i«  then  liM'dlni  at  V.  N«»ir  tlial  tiir  <'«'ntt>iir  on  th«'  i*  not  a % aliil  one*  Hinre  it  tli>ei*  not  ratend 

through  the  trough  line.  I'hr  iiioidi*  rlo-nt  («tntour  i-  ne>fT  a hnght  iim*. 


advantageous  to  draw  sii|i|il<-in<’iitar}  ItMl-fiM.t  coiilours  for  greater  ilriail.  (Note  tliat  if  one  sueli  line  is 
drawn,  all  must  be  drawn.) 

Usually  3 or  4 eonlours  will  meet  tlie  alM.ve  re<|iiirenients.  On  eaeh  of  these  eontoiirs,  traee  baek  to 
the  point  where  the  waripesl  air  is  ol»ser>eil  and  note  this  lein|>eraliire.  Then  priweed  downstream  along 
the  contour  until  the  intlieateil  warm  ad\eetioii  reas«'s  and  reeord  this  teiii[N*ratiire  also,  ('.ompute  the 
average  of  these  two  tem|MTatiires  and  mark  the  |M>int  eorres|M>nding  to  this  average  temperature  on  the 
contour.  After  the  o|ieration  has  Iweii  carried  <mt  for  eaeh  of  the  valid  eonlours,  eonneet  the  |>oints  In  lines 
to  form  a polygon  and  h\  visual  (diservatiou  liM-ale  the  "eenler  of  gravitv"  of  the  [Mdvgon.  Pro|wr  weiglit 
should  be  given  to  a eliistrr  of  |Miints  if  one  exists.  'I’lie  center  of  gravity  of  the  jadygon  is  defined  as  -I 
Frequently  the  average  lenux-raliires  will  fall  on  a straight  line  and  .-f»  will  he  the  "balanee"  jMiint  of  the 
line.  Ac  is  found  in  a similar  manner  rxeepl  that  the  contour  is  followed  upstream  from  the  warm  teni|>er- 
ature  until  cold  cross-isotherm  flow  ceases.  All  measurements  in  this  section  are  made  in  statute  miles  and 
in  centigrade  degrees.  Troughs  arc  liH-ated  as  nearly  as  |H>ssible  by  use  of  the  wind  data. 


850  MB  TEMPERATVIRE  FACTOR 
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500  MB  TEMPERATURE  DIFFERENCE 
1000  MILES  IN  NORTHWEST  QUADRANT 


Fig.  62.  Deepening  of  filling.  A categnriral  forecast  can  be  oblaineil  for  any  cyclone  whose  initial  intensity  count  is  /ess  ihm  IS. 
Thr  ordinate,  the  850-mb  temperature  factor,  is  illustrated  in  Fig.  77,  and  the  abscissa  in  Fig.  64.  When  the  500-mb  trough  line 
is  greater  than  800  miles  from  the  surface  poaition  of  the  low,  measured  along  the  latitude  of  the  low,  forecast  a filling  tendency 
in  the  30-hour  period. 
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Fif.  63.  Trou|(h  nharpaoM.  500  mb.  Memurr  1000  mile*  eut  and  weal  of  tbe  500 -mb  Uoiagb  line  at  tbr  latitude  of  tbe  aurface 
low.  Find  the  maiimum  bei|(ht  dilfnrenoe  BA  and  AC  and  add.  Aaaamin(  200*ft  eoatoora,  in  tbia  raae  tbe  differenoe  BA  ia 
aliout  700  ft  and  AC  ia  about  500  ft  for  a total  of  1200  ft.  Tbia  valne  b then  onarected  for  latitude  by  uae  of  the  table  on 
pa((e  20  and  becomea  the  trough  aharpneaa. 


1.4.  DEVF.LOP.MENT  OF  CATEGORY  IV  CYCLONES 

F.arly  in  the  study  of  these  cyclones,  it  appeared  that  deepening  and  filling  should  be  investigated  in 
relation  to  speed  and  steering.  Although  no  direct  results  of  this  kind  were  obtained,  a relationship  was 
discovered  which  enables  an  accurate  development  forecast  to  be  made  for  certain  of  the  low  intensity 
cyclones  of  this  category. 

Figure  62  illustrates  this  relationship.  It  can  be  used  to  give  a quirk  answer  to  whether  deepening, 
no  change,  or  filling  will  occur  during  the  .10>hoiir  (ieri«Ml.  One  of  the  parameters  used  in  the  figure  is  called 
the  650-mb  Temjieratiirp  Factor.  It  depends,  to  some  degree,  on  the  phase  relationship  between  the  wind 
field  and  the  tem|ierature  field  and  also  to  some  extent  on  the  strength  of  the  thermal  structure  at  R.S0  mb. 
This  parameter  is  discussed  more  fully  in  the  section  concerned  with  dire<*tion  of  movement  (p.  116)  and  is 
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Fi|j.  6*4.  Strrnpth  «»f  ihr  trmprratiirr  firld,  Ti^N)  mli.  Kiii«l  ihr  maiimiim  trm|>rrauir«*  iliffrrrnrr  lK*tw«^n  thr  position  of  thr 
surface  Km  and  an  arc  t(NN>  milm  in  ihfi  northnn*!  quadrant  at  5<N>  m)».  In  thiM  raiv  it  ii«  alnuit  21'.  Thin  trchnique  in  aln«i 
uned  at  8S0  mb  and  mb  for  thr  determination  of  r»|»eed  of  movement  parametem. 

nhown  also  in  Kif;,  77.  I’ln*  srroiid  jiaramrlrr,  alono  tin*  is  llu'  iiiaximiiiii  trin|n*raturo  prailioni 

Hilliin  l(HK)  niilos  iiu’a:.iirnl  at  "lOtl  iiili  in  tin-  iii>rtliv.<''t  <|iiailraiit  from  lli<*  }M»ilion  of  itir  milcr  of  the 
surface  low.  T liis  iiirasiirciiient  is  shown  in  Ki;:.  t>f.  It  has  Ih-cii  foniiil  that  the  relationship  l>etween  these 
two  parameters  is  valid  onlv  for  eveloiies  of  small  initial  intciisitv  (i.e..  cyclones  whose  initial  intensity  count 
■ft  less  than  1.^).*  Kor  these  low  intensity  cyclones,  it  apjwars  from  Kip.  (>-  that  a prime  re<piisile  for  deejten- 
ing  is  the  preseni-e  at  .vOt)  mh  of  a hroad.  steep  gradient  of  tem|N*ratiire  to  the  northwest  of  the  surface  low 
with  a marked  tongue  of  cold  air  to  the  west  of  the  B.”>tt-inh  trough  line. 

Ft  would  lie  exjiected  that  the  circulation  around  dee|H>ning  cyclones  would  1m-  such  that  warm  and  cold 
air  would  l)e  brought  into  the  circulation  around  the  low.  This  implies  that  ailvection.  pro|M)rtional  in 
intenftitv  to  wind  s|H>ed  and  teni|MTature  gradient,  would  Iw  indicated  on  the  charts.  K.xcellent  results 
were  <ditained  using  a variation  of  this  techni(|ue  at  8.V)  mb  on  large  intensity  eyclones  (intensity  greater 


page  18  of  thr  IntnHiuction  of  thii«  rrpf»rt  for  a diwuaaion  ofinlrnMiiy  counts. 
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Fi«.  65.  The  500-mb  temperature  factor.  Measure  500  mile*  ea*t  ami  weal  from  the  SOO-mb  truufih  line  (.4)  at  the  latitude 
of  the  aurface  low.  Find  the  ma)(nitude  of  the  tem|>eratiire  difference  Iwlween  |M>inl  It  and  |M>int  f .'.  The  54)0-mb  temperature 
factor  ia  thia  difference  preBied  by  a p<witive  ( -e)  aign  tf  the  colder  lero|>eratiire  ia  at  H and  a nefiative  ( — ) aign  if  (.  ia  colder. 
In  thia  caae  the  temperature  factor  ia  about  — 7". 


than  16).  However,  the  adveclion  parameter  (t'>  If  ex|ilaiiieil  lalcr'.  wlini  tcatfil  on  f_\flones  of  lesser 
intensity,  showed  increasingly  poorer  results  as  the  initial  intcn>it\  derrcaMMi. 

\lthoiigh  application  of  the  85U-iiih  ativectivc  technique  to  mikiII  storing  seetiis  valiil.  small  intensity 
lows  that  have  ill-defined  temperature  and  flow  eharaeteristies  sometimes  inrrease  their  eireiilation  i)  or 
6 times  within  30  hours.  More  mature  storms  have  stronger  trm|M’raliire  and  wind  fields,  therefore  the 
following  rules  may  be  stated: 

1.  'fhe  8.i0-mb  advective  measurement  is  more  elTeetive  when  applied  to  cvelones  of  large  initial 
intensity  than  to  smaller  lows.  It  seems  reasonable  also  that  the  energt  requirements  neeessarv  to 
double  the  eireulation  of  a cyclone  of  intensity  .S  will  not  Ih>  the  same  as  those  needed  to  double  a 
si/e  20  storm.  It  is  possible  also  that  there  is  an  inertial  parameter  which  is  pro|Mirtioiial  in  some 
degree  to  the  intensity  of  circulation. 

2.  The  initial  intensity  of  the  cyclone  is  a paramrtrr  in  itxrlf. 

3.  (!\ clones  of  small  initial  intensity  will  not  lieeome  major,  iiiten.se  storms  unless  the  character  of 
the  .>IM)-mh  trough  and  associated  temfieratiire  field  is  sharp,  well  marked  and  relaliveh  strong  in 
gradient  (or  (Mdentialb  so).  If  the  .300-mb  trough  does  not  exhihit  these  characteristics,  the  weak 


cm  Iiuu'  will  not  <l*‘i'|M-ii  into  an  inl^■n^>l•  >lorin  fa\oralili-  ronililion*  at  H.'»0  pm).  This  n-xult 

is  in  d'ori'incnl  w illi  Austin  ( I'l.'il ) w ho  hninil  that  I In*  ilrvi‘lo|nni‘nt  of  r\  rlont's  is  inaiiiK  a function 
of  hi^h  lc\cl  |tarainctcrs. 

As  a |Hissil)lc  corollary  to  the  rule  alHi\c,  the  following  was  nolieeil:  all  cNchuies  with  larfte  initial  inten- 
sity counts  meet  the  criteria  of  rule  .t;  therefore  thes«-  criteria  eaiie  >1  he  useil  in  forecasting  their  ilevelop- 
llient.  I he  liH'ation  anti  intensity  of  low  leyel  aiiyeetion  are  the  la-st  iniheatioiis  of  their  future  ilevelopinent. 

I he  ohjeetiye  foreeastina  teelini<|iie  for  ileyelti|iiiieiit  of  (iuteaory  l\  eyelones  is  based  i>n  these 
tliree  |M>ints; 

1.  I'he  initial  intensity  of  the  eireiilatitni  is  a parameter  eoniinon  to  all  storms. 

2.  The  low  level  (8.">0-inh)  ailveetion  measiireinenls  {;ive  the  Is-st  par.iineters  for  [ireilietin;;  develop- 
ment of  hiah  initial  intensity  storms. 

.3.  The  hi^h  leyel  (.'lOO.inlil  parameters  are  the  Im'sI  indicators  of  the  future  ileyelopment  of  evelones 
with  lt>w  intensity  at  the  [H-{;imiina  of  the  forecast  |ieriod. 

oBjKcrivK  KoHKt: \sriNt;  rK.ciiM<,)rK  fou  i*ri :i>ici ist;  dim  ii>i>mim 

(ionsiderahle  effort  was  e\|M'iided  in  developina  <dtjeetiye  measures  for  the  detinition  of  tlie  .ylHI.mh 
trough  (mentioned  in  rule  .1).  Through  the  um- of  eoin|M>siie  charts  anil  suhjeetiye  methods,  the  following 
elements  have  evolved: 

a.  The  "sharpness"  of  the  trough. 

h.  The  strength  of  the  tem|K'rattire  field. 

e.  A phase  relationship  of  the  wind  trough  and  the  thermal  trough. 

The  "trough  sharpness"  is  pro|sirtional  to  the  eyelonie  eireulation  aeros«  the  trough  line  at  the  latitude 
of  the  surface  low.  It  is  measured  ineehanieallv  liy  marking  the  trough  line  at  the  latitude  of  the  surface 
low  and  measuring  1000  miles  east  and  west  of  the  trough  line  at  the  same  latitude  Nee  I-  ig.  (i.t  i.  I'he  height 
differetiee  in  feet  U-tweeii  the  extreme  western  |M»int  and  the  Irotigli  line  is  added  to  the  height  ilifferenee 
found  similarly  KKMI  miles  ea>t.  I liis  sum  is  then  corrected  for  latitude  using  the  table  in  \p|N'iidi\  VI 
and  is  defined  as  the  "trough  sharpness.”  In  ess«-nee.  we  have  a figure  pro|Hirtional  to  the  north  eom|Minrnt 
of  flow  west  of  the  trough  and  the  south  eom|Minent  east  of  the  trough,  and  w hen  added  together,  the  resulting 
figure  Iteeomes  pro|Kirtional  to  the  strength  of  the  eyelonie  eireulation  at  the  .’ilMI-mh  trough  at  the  latitude 
of  the  low. 

The  strength  of  the  teiii|M-rature  field  is  the  parameter  previously  used  in  Kig.  (i2.  It  is  determined  by 
swinging  an  are  on  the  .'itNI-mb  chart  from  the  |K>silion  of  the  surface  low  center  IIHH)  miles  in  the  northwest 
quadrant  of  the  low  (Fig.  hf).  The  maxininni  teiii|H'ratiire  difTerenee  U-tween  the  (Hisition  of  the  low  and 
the  10()0-mile  are  defines  the  strength  of  the  tem|ieratnre  field. 

The  third  parameter  for  the  .'>00-mb  surface  is  analogous  to  the  K.'>0-mb  tem|M’ratiire  factor  and  is  called 
the  .'>l)0-iid>  tem|M'rature  factor.  It  is  found  by  again  marking  the  .'>00-mb  trough  at  the  latitude  of  the 
surface  eyioiie  and  measuring  fioints  .")(M)  miles  east  and  west  of  the  trough  at  the  same  latitude  (see  Fig. 
6,5).  'I'he  teiii|M-ralure  difTerenee  iM-tween  tlie  extreme  western  and  eastern  |Miints  is  the  magnitude  of  the 
tem|ierature  factor.  'The  sign  is  determined  by  noting  whieli  of  the  leni|H'ratnres  is  the  colder.  \ plus  sign 
is  prefixed  if  the  colder  tem|sTature  is  west  and  a negative  sign  if  the  warmer  air  is  w<'st.  This  measurement 
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Kig.  67.  rhe  Hr>0.iiib  advrcUvr  f«rt<»r.  i««  drnotrd  hy  Th«  line  />W  i#  r*)n»tnjctrd  300  milfn  on  either  t»ide  of  X nuch  that 
DH  if«  lormal  !<»  the  flow  at  X.  I'he  height  difference  IW  (in  feet)  ie  found  and  rorrerled  for  latitude  of  A,  hy  uee  of  Appen* 
dix  VI.  The  line  AC  ie  aliui  6<N)  milee  in  length  and  ie  conMriicted  perpendicular  to  IW.  The  magnitude  of  the  temperature 
difference  from  (Nunt  A to  (.'i«  recorded,  I’he  prinliict  of  the  height  difference  /)/f  (r«>rrerted)  and  the  temperature  difference  A 
t«i  IK  divided  hy  the  total  distance  of  the  surface  hiw  to  X pliie  the  diatance  XK.  (Ni>te:  the  diatance  Xf.  ia  the  meridional 
diatance.  in  milea  l»etweeii  the  latitude  of  X and  the  latitude  of  the  aurface  low.)  The  quotient  ia  detined  aa  the  K30-mh  advec* 
tive  factor.  In  the  aU)ve  example  />H  ia  aUmt  ft  and  .-If.’  ia  alniut  12"'. 

<ieprncl8  partl>  on  the  phaM*  rrlationxhipr*  of  ihi*  coM  tongue  (if  pre?o*nt)  ami  the  trough,  and  it  further 
indicate!*  to  w>ine  extent  the  ^treIlgth  of  the  cold  tongue.  Thew  parameter!*  i*eeni  to  give  adeipiate  definition 
of  tile  r>00-inb  trough  with  re(*|ieet  to  flow  and  thermal  i-liaraeter.  A (’om|iositr  view  of  tlie  ottO-mh  measure- 
ment!* is  shown  in  Fig.  bb. 

Tlie  parameter  chosen  to  represent  tlic  strength  of  cold  air  advei-tion  at  8.'»()  mb  needs  considerable 
explanation.  In  an  effort  to  reiiiice  confusion  < aiised  bv  large  iiunilN-rs  of  working  graphs  the  priK'css  has 
been  reduced  to  several  measuremenis  and  s«-veral  mathematical  manipulations.  Xhile  it  mav  seem 
involved,  in  actual  practice  the  arithnulical  o|)crations  will  not  In*  ov erlv  ciimliersome  for  a forecaster  working 
against  time. 

The  first  step  is  the  location  «»f  the  area  of"apparent  cold  advection"and  of  the  center  of  gravitv  of  this 
area./fMasdescrilied  on  page  93.  Once  this  center  has  lieen  found,  a straight  line  600  miles  in  length  extend- 
ing .300  miles  on  Imth  sides  of  is  conslrucled  so  that  it  lies  normal  to  the  contour  flow  at  Ar.  Determine 


jot 


Fig.  64.  Intrn«il%  f<»rrr«nt.  Htdgr  2.  Fntrr  llir  inilial  iiitrn»it%  on  f)it*  nh«4'i>o*a  ami  th«*  >alut’  rr|irf‘>*rnting  thr  ntrmgth  t>f  thr 
trm|»rra(i]r**  lirM  1 1*  ig.  ) along  ihr  or<linatr.  Hf*<'or4l  (lir  \ aliir  «tf*lrrmin«’ii  b>  liii«  plt»t  h ilh  rroprrt  to  (iir  Hf'igiit 


the  heifiht  difTerenre  in  feet  lM'l>*eeii  the  e\(reiiiitier>  of  the  (>(M).inile  line.  This  differenee  is  then  correeted 
for  the  latitude  of  A„  by  means  of  the  table  in  .\p|icndi\  VI.  The  residtiiif;  figure  is  proportional  to  the 
strengdi  of  flow  or  wind  sjieeil  at  .1,  (Kig.  (>7). 

.Now  a second  straight  line,  also  IKK)  miles  in  length,  is  ronstriieted  |ter|)endinilar  to  the  first  line  and 
extending  300  miles  on  either  side  of  .1,.  ('I'his  is  then  in  the  general  upstream  anil  downstream  dirertions, 
depending  upon  how  niueli  ryelonie  eiirvalure  the  system  has.)  The  teiii|ierature  diflerenee  between  the 
extremities  of  this  line  is  determined. 

Two  values  have  now  lieen  obtained  for  .-1,,  a value  proportional  to  the  wind  flow  and  one  proportional 
to  the  tem|>eralure  gradient  normal  to  the  flow  vector.  - The  former  usually  averages  .3(M)  to  ,j(K)  feet  and  the 
latter  ■'i  to  2.3  degrees  Centigrade.  As  thr  first  o|N*ration.  these  two  values  are  multiplied  and  the  forecaster 
may  view  the  result  as  representing  the  strength  of  the  crossdsothrrm  flow  or  ap|iarent  cold  advection  at 
the  point  Ac. 
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VctiM'  xvnoptir  hii\r  no  iloulit  rrronni/fd  m oiir  tinir  or  .'inotlicr  thill  iTOHs-isolhcrm 

flow  (nild  or  wuriiil  hu-<  roii^iilfrulili'  iM-uriiif;  on  thi*  ll«•\«•lo|(nl<•llt  of  i M'lonir  ^^^ll■ln.■^.  It  m-ciiik  rraMinahle 
to  call  on  >Mlo|itic  c\|icricncc  in  ilc\clo|iin^  thi'  idea  further.  I'herefore.  it  is  a''iiined  that  for  dee|H'ninf! 
to  (H'cnr,  there  is  an  o|itiinuni  distance  from  the  c\elone  for  eold  adveclion.  As  this  distance  ffroni  the  low 
to  .-I,.)  increases,  its  affect  ii|miii  the  dee|M-nine  of  the  s\steiii  |irohahl\  decreases. 

A scconil  factor  with  rrs|>ect  to  the  |H>silion  of  the  low  and  I.-  i'  their  relative  liM'ation  on  the  nia|>  )>rid. 
Again  calling  on  e\|M'rience,  it  is  norinallv  reeogni/ed  that  the  most  acliie  ilee|M-ning  iM'curs  when  the  i-ohi 
cros'-isotherm  flow  is  taking  place  to  the  west  or  southwest.  Further,  as  this  apparent  adxection  moves 
to  a |Misition  more  to  the  south  of  the  cvcione  the  storm  iisiiallv  attains  mavinmm  inlensitv  ami  the  dee|M-iis 
ing  dccreasi's.  Kecording  the  |M>sition  of  .-I,  relative  to  the  low  could  he  ilone  with  a linear  measurement 
and  an  angle:  however,  this  would  cause  needless  eomplieatioiis  in  the  eompiilalions.  Iiisteail.  the  meridional 
distance  in  statute  miles  iK'tween  the  latitude  of  .1,  and  the  latitude  of  the  surface  low  is  suh'liliiteil.  U hen 
Af  is  at  a latitude  north  of  the  low,  the  distance  is  taken  a'  zero. 

e now  have  two  distances  which  effect  dee|M-ning  inverselv  a'  ihev  increase.  Thev  are  adiled  together 
and  the  sum  is  usiiallv  to  l:2(M)  miles.  'I'he  final  step  in  eompuling  a parametiT  for  mea-iirine  the  cold 
air  adveclion  at  8.'»0  nih  is  to  divide  the  figure  representing  the  strength  of  the  cross. isotherm  flow  h\  the 
total  distance.  The  final  value  is  calleil  the  K,'»0-mh  adveetive  factor. 

e now  have  values  representing  five  parameters:  the  initial  inleiisilv  of  the  cvcione.  thn-e  oOO.mb 
parameters,  and  one  H'lO-mh  parameter.  The  multiple  lorrelation  is  accompli-l  ed  hv  use  of  five  graphs 
(Figs.  (iH.  (I'l.  To.  71.  and  7J'.  I he  abscissa,  common  to  all  the  graphs,  js  the  initi.il  inleii'ilv  eouni  of  the 
cvcione.  The  values  of  the  parameters  have  In-en  weiehted  einpiricallv . keepiiie  in  miml  the  three  points 
pres«-nled  in  the  preceding  section  on  ilevelopinetil.  On  the  three  graphs  which  have  the  '>00. mb  par.imelers 
as  ordinates,  the  weight  lines  diverge  iipwanls  to  the  right.  That  i'.  more  weight  i'  given  to  a 'lorin  with 
a low  initial  inteiisitv  than  to  a storm  with  a high  inteiisilv.  <!onverselv  on  the  fourth  graph  havin';  the 
8')(l-mb  ailvective  factor  as  an  ordinate,  the  weight  lines  s|o|m-  up  I"  th  ■ left  iherehv  giving  m.ivimiim  weieht 
to  lows  of  large  initial  intensity. 

The  forecasting  pr<M-ediire  is  to  enter  consecutively  the  parameters  in  the  graphs  ii'ing  the  common 
abscissa,  and  to  record  the  values  determined.  These  four  resulting  values  are  then  added  and  the  final 
gra|)h  is  entered  with  their  sum  and  the  pro|wr  initial  inlensitv . This  final  graph  gives  the  mavimiim  inlen- 
sitv which  the  cvcione  will  attain  in  the  following  .’{O.lioiir  |M'riod.  Mavimiim  inlensitv  inav  he  reached 
before  the  end  of  the  |H-riod:  therefore  filling  during  the  latter  part  is  not  precluded.  \s  a further  aid  to 
the  forecaster,  a dashed  line  extends  across  the  final  graph  and  dilTerentiales  dee|H'ning  and  filling  storms.* 
All  storms  whose  final  entry  falls  alsive  the  dashed  line  will  In*  forecast  to  ilee|H'n  and  those  Ih'Iow  will  l>e 
forecast  to  fill. 

The  mavininm  initial  intensity  of  a cyclone  is  alMiiit  21  and  the  graphs  have  Im-cii  cut  off  at  this  [Miint. 
U hen  a cyclone's  intensity  at  forecast  lime  is  greater  than  21.  the  forecaster  shoiihl  assume  that  verv  little 
further  <lee|iening  will  ensue  and  forecast  a filling  tendency  for  the  enil  of  the  .AO-hour  |M*riod.  Fhe  correla- 
tion coerticieni  Ix'lween  forecast  and  observed  inlensilies  was  rediii'eii  considerablv  bv  two  storms  which 
reached  the  extreme  intensity  of  .87  while  only  forecast  to  reach  counts  of  22  to  27.  However,  the  value  of 
predicting  .87  over  27  is  ipiestionable  since  a major  storm  will  fM’ciir  in  cither  case. 


• Filline  Sturm*  arc  lliose  that  have  an  initial  eoiiiil  greater  than  their  intensity  at  the  emf  of  .80  hours.  Tims  a eyi  lone  which 
half  initially  an  intensity  of  20  anil  at  the  eml  of  the  .80-hoiir  |>erifMl  had  dro|i|M-d  to  inleii-ii  y I T would  he  elassssl  as  a tiller. 


A l|lll■^ti<>n  iimsi  Im-  ruiM'd  r<‘);artlin{;  llit-  in<i\<‘iii<*iil  of  tin-  ri(K).iiil»  tri>Uf:h  uith  to  th»‘  surface 

At  tiino  iliiriii^  tli<*  wiiilrr  m'uhui,  the  iiiiint  troii);h  aMMH'ialfd  with  the  Mirfurc  h^^t)■ln  will  remain 
^tatillna^\  or  retrograde  nhile  the  Mirfaee  Iom  inoveM  on.  In  f;eiieral,  tliiK  lM'('llr^  onl\  when  the  r)(H)-mb 
troiieh  i>  a ert'at  distanee  from  the  airfare  low;  howe\er.  in  these  eases  the  alMi\e  inediod  foreeasts  too 
intieh  iiitensilieation.  Therefore,  a separate  rule  has  iM-en  de\ised  and  shonid  lie  applieil  when  the  distance 
from  till'  low  to  the  fiOO-mh  troii):h  is  );reater  than  KtMt  miles.  The  forecaster  shoiihl  measure  this  distance 
as  a standard  priM'ediire  when  eoiiipiitin^  the  .'liKI-mh  parameters.  The  rule  is; 

When  the  east-west  distance  U-tween  the  siirfaee  low  |Misition  and  the  r>0t)-mh  troiifth  is 
•treater  than  K(M)  miles,  the  values  obtained  from  the  weight  lines  on  the  three  i>(MI-ndi 
eraphs  (see  Figs.  (i8,  W,  and  70)  should  lie  divided  by  two  iM-fore  siimmiiij;  with  the  K.'iO- 
mb  advective  factor  weight  value  (see  Fig.  71)  and  priM-eeding  to  the  final  graph. 

If  the  forecaster  knows  for  certain  that  the  .>00-mli  trough  will  fade  or  retrograile.  it  would  In-  advisable 
to  reduce  the  forecast  maximum  inteiisitv  value  a nominal  amount.  It  ap|H-ars  that  a few  of  the  "nhssi's" 
(based  on  the  final  gra|>h^  were  due  to  to  erratic  movements  of  the  .'i(H)-mh  features.  Vlthough  it  is  not 
|H-rtincnt  to  include  the  pnignosis  of  the  iip|M-r  level  troughs  at  this  time,  it  is  i‘ertainl\  nece'—arv  that  this 
should  he  included  as  a parameter  in  future  resi-arch.  The  inde|M-iulent  test  liata  conipri'ing  A.'l  ca»es  during 
the  winter  of  ,'i2  vielded  a correlati<iii  c<H'fli«-ient  In'tween  forecast  and  observed  maximum  inteiisitv  of 
.7'*  willi  an  average  ernir  of  2.%  mb.  A sample  work  sheet  is  provided  on  page  1(1** for  the  use  of  tlie  fore- 
caster and  serves  also  as  a summary  of  the  o|M'ratioiis  whieh  should  Ik-  followed  in  arriv  ing  at  the  dee|iening 
nr  filling  prognosis. 

1.6.  MOVKMK.NT  OF  C.\TK(;ORY  IV  CVCI.ONFS 

.Sime  eonehisions  concerning  the  movement  of  (Category  l\  cychmes  have  Im-cii  maile  in  a preliminary 
refKirt  on  this  research.  Since  a numlier  of  the  readers  have  seen  and  applied  parts  of  these  preliminary 
results,  it  is  |iertinent  to  remark  that  the  treatment  of  the  direction  of  movement  has  undergone  major 
changes.  The  parts  concerned  with  sjieed  remain  unchanged,  (ioiisiderahle  use  has  again  Ik-cii  made  of 
areas  of  cross-isotherm  flow  as  a forecasting  parameter.  'I'he  reader  is  again  referred  to  page  for  a dis- 
cussion of  the  method  of  determining  the  center  .-I... 

1 .61 . Spred  of  Mowment 

.Numerous  methods  have  been  des<-rilied  in  the  literature  for  predicting  the  sjK-ed  of  movement  of 
surface  cyclones.  F.xpressions  ran  lie  found  such  as  "Surface  lows  move  with  (lO  to  HO  |M'rcent  of  the  700-mb 
(or  .'iOO-mli)  flow  over  them.”  In  case  of  diflueiit  contour  fields  or  closed  sv  stems  over  the  surfa«-e  center, 
the  application  of  these  rules  becomes  difliciilt.  In  the  pr«M-ess  of  the  investigation,  it  was  found  that  lows 
which  are  far  removed  from  the  renter  generally  move  faster  than  the  lows  which  are  ItM-ated  near  it. 
This  seems  to  verify  the  finding  of  (ieorge  (1*11*))  that  lows  have  a "preferred  |M)sition”  with  res|K-ct  to  the 
thermal  and  pressure  fields,  and  that  lows  whieh  are  some  distanee  from  the  area  of  indicated  warm  advec- 
tion  tend  to  accelerate  to  a position  more  favorable  for  continued  ryclogeiiesis. 

The  first  observation  may  be  slated  as  follows:  the  sjiced  'if  the  surface  cyclone  is  roughly  pro|Kirtional 
to  the  distance  lH*lween  the  low  renter  and  On  the  basis  of  the  preceding  statement,  one  would  assume 
that  the  sfieed  of  movement  of  would  have  an  e(ri*ct  on  the  speed  of  the  surface  low  centers.  It  is 


WORK  .SlIKKT  FOR  CATF(;oRV  IV  CYCLONFS 


INTENSITY 


l>atr 


rimr  Surface  ('hart  . . . 


'I'iim*  rpi^'r  (l)iart 
850  7m  5(K) 


1.  Frtim  Hurfarc  chart  liiul  intcitHily  <'oiint  nf  Ioh.  (Avcm^t*  ilifTcn-m-c  iti 
prcMMirr  hr|>*crn  center  of  Iom  ami  the  four  cardinal  dircrtion**  at 

WK)  milcN  from  center.) 

2.  Latitude  of  the  surface  low  . . 

3.  Trough  sharpiieM.  (OifTerence  in  height  in  feet  at  the  latitude  of  low  he* 

tween  a |»oint  1000  mileji  west  of  the  trough  and  the  trough  |dua  the  differ* 
ence  uaiog  a aimilar  measurement  l(MK)  miles  east.)  

4.  Correct  (3)  for  latitude 

5.  Maiimum  temperature  gradient  lOtMl  miles  in  m»rthwest  quadrant  from 

surface  low  . , , . . . . 

6.  Temperature  fact<»r.  Difference  in  tem|>erature  at  a |»<»int  mileit 

west  and  500  miles  east  of  the  trough  line,  measured  al<»ng  the  latitude 
of  the  low.  The  sign  is  pfMiitive  if  colder  air  is  to  the  west  . .. 

7.  Distance  in  statute  miles  from  low  i<»  trough  along  latitiitle  of  low  . . . 

8.  Determine  position  of  and  record  latitude  <if  .4, 

9.  Construct  line  perpendicular  to  the  contour  flow  over  .4^  and  measure 

height  difference  300  milea  either  si<le  of  .*1^ 

10.  Correct  (9)  for  latitude  oi  Af  

11.  ('onstruct  line  perpendicular  to  (9)  and  measure  temperature  difference 

at  a point  300  miles  upstreem  and  300  miles  downstream 

12.  Multiply  (10)  times  (1 1 ) 

13.  Measure  distance  from  low  to  Af.  (Statute  miles) 

14.  Measure  meridional  distance  from  latitude  of  low  to  latitude  for  At  . . 

15.  Add  (13)  and  (14) 

16.  Divide  (12)  by  (15) 

17.  Fxtract  values  from  intensity  graphs: 

(a)  Trough  sharpness  (4) 

(h)  Temperature  10(K)  miles  northwest  quadrant  (S) 

(c)  Temperature  factor  (6) 

(d)  If  (7)  is  greater  than  800  miles,  divide  sum  of  a,  h and  c hy  2 

(e)  Advective  factor  (16) 

(0  Add  a,  b,  c,  (or  d)  and  e 

(g)  Forecast  maximum  intensity  from  final  graph 


COMPUTATIONS: 


SF 

LO 


h ip.  73.  Vk  imi  rom|M»nrnt.  J hf  hiimI  iIh-  '•p.irinj:  N lhr«»u;:b  f.  i-  rrpn  -riitrtl  )i\  tin- 

lirif'd  \rrti>r.  I lir  «if  (In'*  \f'rli*roii  thr  liiir  fn»m  llir  -iirfjrr  lim  l«\  ttir 

>li«t.inrr  M.  I h«'  |ir4irtiral  tiira^iirr  of  thi«  i*  .ir4'om|>lt?<}ifi|  |i>  |>lariii;:  iIm'  ^'ro'^lropliM'  Mimi  -t'alr 

iiorni.ii  to  l)ir  liiif*  from  th«'  Ioh  to  and  noting  tin*  Hiini  4'«Mii}H»in'iit  (.in  knot-)  tlrlrriiiinrii  \t\  tin*  *’r)unnr)iii^'* 
Inn^lit  )irn*k*. 


r<-aM>nalilr  aUo  l<>  a-^-iinir  that  llic  iif  i „ i>  |ini|Mirti<iiial  lo  llic  rale  nf  tloH  al  ( I'lirlluT.  >iiicf  the 

l<>^*  IcikU  til  in<i\c  towani  <>nl>  ihr  l•nm|H•ln■ll^  Him  alon<:  tin*  linr  fniiii  llic  Inu  In  i ..  lu-nl  In- riiii>iili-ml. 

The  MTiiiiil  iiliM'r> alion  in:  llir  n|N-i'il  of  ihi*  niirfarr  r\<'loni’  in  |irn|Mirlii>nal  In  tlii'  i'iiiii|H>iii'iit  of  (low 
al  l„  alotif:  till-  line  llic  low  ami  'I'lir  tliiril  farlor  rclati-il  to  n|avil  in  noli'il  lo  inn|H'<'tioti  of 

tln"  tlirrilial  (iflil  al  llii‘  lower  ntamlani  nurfaren.  ^ lirii  the  inolheriiin  are  paekeil  aloiin  llie  Iraek.  the  niir- 
faee  low  iiio\en  fani  ami  when  the  lem|H'raliire  lielil  in  weak  ami  wamlerin^,  ihex  move  nioxxlx . The  n|ren>rlh 
of  the  thermal  iielil  in  meaniiri  il  e\aellx  a«  in  the  |>re>ioiin  neetioii  on  )le\elo|nnent. 


I’ant  elTorIn  lo  annin  iale  the  npeeil  of  lown  with  ii|i|M-r  xximln  ha\e  heen  lariieix  nnniieeennfiil  (I’ahner 
l<Hi!)  heeaiine  of  the  iieeennitx  for  eliiMmini;  the  winil  at  a |iarlienlar  n|Mi|.  In  inanx  eanen.  the  inaenitmie  of 
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tli('  >«iiici  rhiui^i'!>  rudii'iillv  fairl\  nliort  ili'l.tiir<--<  iimi  it  vtniild  )>•'  rortiiitniiK  if  tlif  correct  value 

uerc  clio'cn.  llowc\cr.  in  iiic.i.'<urin^  the  strength  of  the  teiii{H-ratiirc  field,  the  magnitude  of  the  thermal 
Mind  coni|H>ncnt  i^  taken  into  aeeonnt  aiitoiiiatiealU . ;:iviiie  a iiieaMire  of  air  tranH|Mirt  over  a considerable 
Mihinie.  anioinitin"  to  an  ititeeration  of  the  Mind  cfTeet. 

The  third  oh'crvation  is:  the  s|M'cd  of  the  surface  evehuie  is  |>ro|*ortional  to  the  slren(fth  of  the  tem- 
perature liehl. 

In  suniinarv.  the  s|M'eds  of  (iate};or\  l\  evetones  have  Im-cii  sIiomii  to  lx-  directly  |iro|M>rtional  to  the 
fnlloMiiif;; 

I.  The  di'tani  e lietMcen  the  ev  clone  ard  the  center  of  apparent  Mann  advei-tioii  T-f  „ ). 

The  strength  of  IIom  over 

d.  The  stren^rth  of  the  thermal  field  alone  the  track, 
l.ti;’.  Objtftiit'  Ttrliniqur  for  I'n'ititlirif’ 

The  first  ojx-ration  is  to  determine  the  liM-atioii  of  . at  K.'iO  mb.  I he  di-tanee  in  statute  miles  lietween 
the  surface  low  and  .1^  is  the  first  parameter. 

The  second  parameter  is  the  eoin|ionent  of  the  (.'eostrophie  Mind  at  1 ^ in  knots  along  the  line  from  the 
loM  to  .fv  (see  Fig.  Td).  It  Mas  found  that  the  most  iiiM-fnl  measure  of  this  value  is  the  sum  of  these  com- 
[Miiients  at  Hdit  and  T(Mt  mb.  I For  this  nieasiirement  the  |H>sition  of  the  KdO-mb  .1  „ is  marked  on  the  TtHf-mb 
chart.)  .Negative  values  of  this  eom|Mment  are  counted  as  zero.  This  iN-eiir*  vvlien  the  (xtsition  .•!„  falls 
within  a closed  low  at  either  level:  it  is,  however,  extreinelv  rare. 

The  third  parameter  has  alreadv  been  deserilx-d  in  the  section  on  development  (p.  99  ).  It  is  the 
maviiiuim  tem|H'ratiire  difference  Ix-tween  the  |Misition  of  tlie  surface  low  and  a llXHI-mile  are  in  the  north- 
west ipiadrant  from  this  |M>sitioii  (see  Fig.  (if).  I he  values  at  8ii0.  700.  and  .*i(MI  mb  are  ailded  together  and 
the  sum  is  used  as  a parameter. 

In  summary,  the  following  parameters  were  selei'ted: 

1.  The  ilistanee  in  statute  miles  from  the  surface  low  |M>sition  to  the  renter 

2.  'I'he  sum  of  the  rom|H>nents  of  the  geostrophie  wind  in  knots  on  a line  eonnerting  the  surface 
low  to  .-fv  at  TOO  and  8.^0  mb. 

d.  The  sum  of  the  maximum  terajierature  difference,  in  degrees  Centigrade,  between  the  surface  low 
position  and  a 1000-mile  are  in  the  northwest  quadrant  at  8.d0,  700,  and  .dOO  mb. 

The  objective  priH-edure  in  determining  sjieed  is  to  enter  the  values  of  the  absive  parameters  in  the 
multiple  correlation  given  in  Figs.  7f  and  7,'j.  The  prin-edure  is: 

a.  Fnter  along  the  ordinate  of  Fig.  74  the  distance,  (I)  alxive,  and  along  the  abscissa  the  temper- 
ature sum,  (2)  almve. 

b.  Fxtract  a value  determined  by  the  weight  lines. 

c.  (iarry  value,  (b)  alwive,  to  the  ordinate  of  F’ig.  7.d  and  enter  along  the  abscissa  the  sum  of  the  wind 
roni|Kinenls,  (d)  alMive. 

d.  Read  the  forecast  dO-hoiir  sp«'ed  in  statute  miles  |ier  hour  from  the  curved  lines. 


Sum  of  Isothorm  gradients  850  mb.,  700  mb.  ani  500  mb. 


ll.'f 


75.  Spred  for<)c«ftt,  final.  F.nter  the  weight  value  determined  in  Fig.  71  along  the  ordinate,  and  the  aum  of  the  wind 
comp<menta  (Fig.  73)  at  B50  mb  and  700  mb  along  the  aberie«a.  Read  the  average  30-hotir  foreraat  apeed  of  nravement^  in 
milea  per  hour,  from  the  curved  tinea.  If  the  atorm  ia  a apecial  rategfwjr  cyclone  (aee  teat)  divide  the  value  determined  by 
graph  by  two  to  obtain  the  forecaat  apeed. 
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Fig.  76.  InnlantJinrou*  rnntniir  •Irrring.  Thi«  !•  grnrrally  taken  from  the  7(H).mli  «»r  ^iirfarra, 

although  the  lrrhni<|iir  al«<i  applies  t«i  the  rirtrrmiiiatioii  of  the  liirrrtion  irf  IIoh  at  . nhirh  in  KStt  nth. 

The  inntantanr<»uit  wtrrring  in  the  average  <if  the  (lirertion**  «»f  the  tangential  liiiei*  at  . ( ami  /i,  the  ilaf*hr<l 
line  being  normal  to  the  flow. 

The  solution  is  not  time  consuming  and  the  entire  o|>eration  can  be  accomplished  in  5 to  8 minutes. 
A worksheet  is  included  on  page  11.^ as  a guide  for  the  forecaster. 

In  previous  preliminary  re|torts  some  explanation  was  given  to  a s|>ecial  type  of  cyclone  called  a "cir- 
cling” type  of  storm.  It  is  felt  that  this  term  falsely  implies  an  unusual  trajectory  and  therefore  the  name 
has  been  discarded.  These  lows  will  henceforth  be  termed  "SjH’cial  Category  Cyclones"  and  the  forecast 
modification  concerns  only  the  sjieed  of  the  storm  and  not  the  direction.  They  were  also  discussed  in  the 
section  on  cyclogenesis. 

The  special  category  cyclones  are  usually  of  high  intensity  with  l»oth  contours  and  isotherms  having 
large  amplitudes.  They  are  defined  by  the  character  and  strength  of  the  thermal  field  at  8i>0  mh  as  follows; 

A special  category  cyclone  has  a tem(ierature  field  such  that  the  amplitude  of  the  850-mb 
isotherms  is  > 1,3°  latitude  and  the  half  wavelength  (east  of  the  thermal  trough)  is  < the 
amplitude.  The  "ribbon”  of  isotherms  associated  with  the  cyclone  consists  of  three  or 
more  .“i-degree  isotherms. 
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.1.  Fiii'l  mxtjiitaiirnn-  mnlimr  n>*-f  •‘Urf.nr  I«*h 

i.  F uni  -Iri  riiii.'  4»v»  r -iirf.n’r  Inn  n»nl>  if  7<Ml.|iili  •li-rnn;:  i«*  ) 

If  1 I ) alnivn  I-  Ir-n  iliaii  itlii**  iim-  l*-iii|M’ratur<'  fai'lnr  iliriTlmii m-alr  . . . 

it.  F iml  rra^'r  liriHiTii  2 ^>r  r»)  ami  .1  nr  I).  *1  lii**  i**  f«»n*ra-t ‘liri*«-iiiui . 

( If  '•Irrrini:  iimi  i-  <lif!n  iilt  in  ilrlrrmiin-  .i!  7nii  .iml  .%00  ni|»  ami  llir 

t<‘rii|"T.il>irr  f.n  Inr  i^  ir--  lli.iii  |ilii-  |n.  tiir  triiiprr.itMr*' farinr  ilim-tinii -i-alt* 
I-  u-ril  a-  niir  rnin|»niirfit  ainl  tin*  -rmini  4'nin(M*ii<  iit  i-  a liiir  jmiim*:  tin-  -ur* 
far**  Inu  **riit*T  Hjtli  llir  irnti  r I .) 

(If  tin-  M.'in-iiili  lrni|»»Taliirr  farlnr  i**  nrratrr  llian  ii-«*  a**  mni|M>n**ntH 

a litn*  rnim«'(’l iiir  the  -iirf.irr  InH  ami  tlir  «'<’iil*T  .f„  ami  a liiir  rr|»r«*M'iilin{:  thr 
rniilniir  Ilnv«  at  I . J li<*  lii-rrlnr  in  thr  liiir  of  ftitnr**  ino% rmrnt.) 
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It:  77,  1 Iw*  H'in.fiil,  r.ttiir*-  muI«  « r.i-i  hi-’*!  of  ih«*  irou^li  linr  ' < ^ at  l!u*  la(i> 

Itifir  <if  I h«'  'iir f.H-r  low  I (dll  tlx*  ikI*'  of  t li«-  iirt-  n I )<•  |Mnnt  f .tixl  |h >ml  /f . ) lir 

|M-r.»tiifr  f.H  lor  1^  till-  Jifft-rriH  T «i  !•>  .»  r *i;:n  if  iIm  « ..!.)« r i«  in|M  f.i!ur**  i»  .i!  . f .tn*l  .t  » \ **  ^ii:n  if  /f  1*^ 

('oM«t.  I II  t li<*  .<In i\ <■  rx.iMi|»t>’,  t h«' f.o  lor  i*  .iI‘oiii  • \ . 

It  lia>  Ih’**!!  fniiinl  that  the  forci  a-t-  for  thf'f  'lorni'  an-  yi-iiiTallx  tini  hi;;li  iliir  to  the  inti’nm* 

parkin;:  of  thr  thrriiial  TirM.  Thi>  pac  kin;:  rontrihiilr-  inainU  to  lll■\rloplnrMI.  proiliiriii;:  \rr\  intrnsr 
>toriiis.  lor  tlli^  rraMin.it  liaf  Ix-rn  found  that  v»lirii  a -lorm  fulfill-  ihr  mpiirrnirnl- of  a -|n'rial  ralroory 
ryrionr  a valur  of  one-half  of  thr  UMial  forrra-t  -|>»’rd  prodiirr-  thr  l»r,«t  rr-iilt-. 

l.h.'l.  hinrtion  of  Mm<rmrnl 

It  ha-  U’rii  oh-rrvrd  for  Mitnr  tinir  that  thr  in-tantanrou>  TOtt-nih  rontoiir  -trrrin;;  o\rr  thr  Mirfarr 
ryrionr  |Hi-ilioii  ii-uall\  ;;i>r-  a rraMUiahh  arriiratr  indiration  of  it-  fiiliirr  ino\rinrnl.  I'hi-  parainrtrr, 
-hown  in  l i".  7(>.  ha-  thrrrforr  iK-rn  inlr^ralrd  into  thr  ohjrrti\r  -\-lrm  for  all  of  thr  C.alrrorx  IV  r>rlone!i. 
I hrrr  arr  timr-.  of  roiir-r.  >»hrii  it  i-  ilifli<'ult  to  drfinr  thr  TOO-nih  roiitoiir  -Irrriii;;  o>rr  thr  -iirfarr  ryrl«)ne 
diir  to  difhiriirr  of  thr  fitdd  aloft  or  Mhrn  a rio-rd  -\-triii  at  7<Mt  inh  i-  .-itiiatrd  o\rr  thr  -iirfarr  loH  renter. 
In  ra-r-  like  thr-r,  or  >»hi-ii  there  i-  douht  a-  to  thr  -Irrrino.  it  i-  ad\i-ahlr  to  -rirrt  thr  -trrriii"  dirertion 
at  7)(Mt  mil. 

It  ha-  al-o  Im'i-ii  noted  that  thr  orirntation  of  thr  i-othrrni  lirld  i-  important  \«ith  rroard  to  thr  fntiirr 
trark  of  thr  -iirfarr  renter.  A mra-iirrmrnt  vhirh  partialU  drfinr-  thi-  orientation  >*a-  introdnrrd  in  the 
di-rii— ion  of  drr|H-nin;:  and  lillinr.  It  i-  thr  K.‘iO-mli  trni|M-raturr  fartor  (-rr  Ki;;.  77'.  and  -inrr  it  i.i  a iiieas- 
urr  of  trin|H'ratiirr-  at  ripial  di-tanrr-  arro—  thr  trough,  the  amplitude  and  wa\rlrnrth  of  thr  isotherms  arr 
partially  drfinrd.  That  is.  for  thr  short  wawdrnrllis  this  \ahir  of  thr  K.'iO-inh  trni|H'raturr  fartor  will  1h* 
small  |Hisiti\r  or  nr;:ati%r.  and  for  thr  larp*  watrleii^lhs  thr  \alnrs  are  rrnrralh  larp\ 
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7H.  'rrmplatr  {or  \ttlur*  of  l{'»0-nili  lrin|M'r;ilorr  {.o  tor  < *10.  I hr  I'riilrr  of  thr  trmplatr*  i« 
|i|jrrd  on  (hr  Mirfarr  lou  f>o-ilion  m tih  (hr  vrrlir.il  axo  ahoi;:  ihi*  nirroli.in  thron^'h  (hr  low  rrntrr.  I'hr 
ilirrrtion  valur  ia  ilrlrrnniiril  liv  (lio  linr  fr.iin  (hr  low  rrnlrr  lo  thr  .iiiiiroiinatr  v ,ilur  of  (hr  H.iO.mh  tpm- 
|M'raliirr  factor  on  (hr  |M'ri|ihrr  v , I hr  ilirrriioi;  v .ilnr«  of  I lir^-  line  ,irr  ^iv  ni  in  taloilar  form  on  p.  118. 


It  wan  fiKiiiil  tliat  liiwn  willi  niiiall  |ii»ili\«-  or  iK-fialix'  xaliir^  of  ihc  K.'iU-iiili  tcm|N'raliirf  fartor  trnd  to 
have  a more  ilnininant  I'antcrlv  riiiii|Miiicnl  ti>  llicir  track,  ami  cvcloiic.'.  with  laroc  |Minitivr  valiirs  had  a 
more  iiortlicrlx  coni|Minciit  of  inolion.  'I  he  xaliie  of  the  8.">0-ndi  lein|wratiire  factor  has  Iioen  combined  with 
the  instantaneous  7(MI-mh  contour  stceriii^:  oxer  thr  low  center  to  delcrinine  the  future  direction  of  movement. 

1.6-t.  ObjiTliiv  Fornvstinfi  Tit  hniijur  fur  I’mlirtinfi  lUrrt  lion  of  .]fovrmrnl 

.\fter  thr  value  of  thr  8.'>0-mh  tein|H'rature  factor  has  la'cn  deterinined.  the  fon*eastrr  proceeds  according 
to  the  magnitude  of  this  value  as  follows; 

I.  8.)0-nih  tem|N-ral  lire  factors  < +10.  .Svstems  of  this  tyjic  generallv  have  a large  easterly  component. 
The  template,  Kig.  78.  was  designed  empirically  and  values  of  trm|H'ratiire  factors  from  negative 
to  +0  are  marked  on  the  |N-riphery  of  the  ipiadraiit.  The  table  in  \p|N*ndi\  VI  gives  the  values 
of  thesr*  |Miints  in  degrees  east  of  north  and  may  lie  used  if  preferred.  The  template  is  placed  with 
the  center  on  the  |Misitioii  of  the  surface  low  with  thr  0°  line  placed  along  the  meridian  through  the 
low.  .\  direction  is  then  determined  hy  the  center  and  a |siint  corres|Nindillg  to  thr  teiii|H*rature 
factor  marked  on  the  |H'riphery.  A line  is  drawn  joining  these  two  |Miints.  A second  line  is  drawn 
through  the  low  center  which  is  the  direction  of  the  contour  steering  at  700  mb  over  the  low  renter. 
The  angle  made  hy  the  two  lines  is  bisected  and  the  bisecting  line  gives  the  80-hour  direction  of 
movement.  An  identical  answer  can  lie  obtained  by  use  of  thr  angle  given  in  the  table  lielow. 


This  uiinlr  unci  llic-  T'Mt.inh  slrrriiif;  aii};lr  (iiii‘unun’il  from  north)  arc  avcTap-cI  and  the  result 
gives  the  iU)-honr  direction  of  inoveinent. 
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2.  t>.'>l!-tnh  tenifK'rature  fac-tor  ^ 4 Vs  seen  in  the  earlier  section  on  development,  large  values  of 

the  8.'i0-iiih  temi>eratiire  factor  generallv  indicate  deejwning.  These  storms  have  a dominant  north- 
erlv  com|>onent.  'The  center  .l„  is  utilized  in  forecasting  the  direc-tion  of  movement  of  these 
o clones.  It  was  stated  earlier  in  the  discAission  of  s|M‘ed  of  movement  that  lows  tended  to  l>e 
directed  toward  the  center  I,,  and  that  the  movement  of  .-1  ^ has  a coin|M>nent  in  the  direction  of 

the  flow  at  .dy.  'Therefore  the  low  itself  will  have  a com|Minent  in  the  direction  of  the  flow  at  .Iw 

The  direction  of  contour  flow  at  .(>  is  measured  on  the  B.'>0>mh  ehart  and  is  combined  with  the  TtH). 
mb  instantaneous  steering  over  the  surface  low  |M>sition.  The  angle  determined  by  these  two  lines 
is  bisected  by  a third  line  which  is  chosen  as  the  direction  of  movement.  'There  is  one  exception 
to  the  alsive  prcs-ediire.  Occasionally  ,f„  will  lie  in  the  |ieripher\  of  a closed  low  or  will  U-  situated 
such  that  the  flow  at  that  point  is  we-l  of  north.  In  ca-es  like  these,  due  north  shoidd  Ik*  arhitrarilv 
chosen  as  the  direction  of  flow  over  .1.... 

1.7.  STF.F.KINt;  I^DFTFKMI^A^T 

On  some  (M-casions,  the  steering  over  the  surface  low  center  is  inileterniinahle  at  Ixvth  TtK)  and  .v(K)  mb 
or  the  direction  of  flow  at  -1  is  iliflicult  to  determine  due  to  difluenee  or  to  extremely  weak  gradients.  In 
these  cases,  the  procedure  is  identical  to  that  just  deserilM-d  except  that  a line  joining  the  surface  low  and  .-I, 
is  substituted  for  the  7(MI-inb  (or  .'ilHI-mb)  steering  over  the  surface  li>w  |>osition. 

Tse  of  the  alsive  melhoils  on  100  eases  of  de|>endent  data  in  the  winters  of  1017  48,  10|8  10.  1010  ."ill. 
10, 'jO  .">1  vielded  a correlation  e«M’fli<’ient  of  .8.11.  'The  test  of  inde|N*niient  data  consisted  of  8.4  ea.ses  during 

the  winter  of  1011  12  vielding  a correlation  em’flieient  of  .72  and  an  average  error  of  0.4  ilegrees.  \ work- 
sheet, on  page  115  (lM>ttoin  |K>rlion)  is  included  as  a guide  for  the  forecaster. 
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1.1.  IM  ItUlM  «n  ION 

\ triiialivf  -iiluliuii  III  lilt'  )irn|il)'iii  of  foD-i  a'lin^  llir  fiiliir*-  |H»ition  of  aiiticM'lont'K  for  21-an<i  48-hour 
(wriiiii-.  has  hr<-ii  r«‘arlii‘il.  Tlii-  'olulioii  iilili/i-  llu-  i-ii|li<-nn  pattrrii  at  iiili  to  iletermine  thf  direction 
of  iiioM-iiicnt  and  a iiiaxiniiim  \xiiid  '|h-)-iI  |•aralll<'t(■r  at  TtMl  ud>  to  dclcriiiine  s|H-cd  of  movi'incnl.  I !-inf; 
itidc|ictid(  nt  data,  tlic  axcr.i^c  error  in  |>o-itioii  tta-  inilc^  for  a 2 t-lioiir  |>criod  ami  t8't  mile!-  for  a 48- 
lioiir  jicriod.  In  tlii-  in\ •■■-ti'.tatioii.  a total  of  87  ca>c!-  were  talndatcd  for  the  fifteen  winter  month>  (Noxein- 
Iht  tliroiiah  \lareli)  of  I'MT  throii;:li  I’t.'itl.  for  wliieli  tra<  k>  of  at  lea-t  48  hoiir>  I'oiilil  1m-  idttained. 

In  inxe-tiaatine  the  -tei-riiu;  of  eold  aiitiex elone-  with  the  7(Ml-inh  How,  (ieorpe  (I'H't)  found  the  "ii-o- 
thertn  rihlxm"  to  1m-  of  >|H-eial  -ipnifieanee.  I -nip  tlii-  a-  a lia’-i>,  the  ea-ei-  in  the  liri-t  two  xearn  of  the 
sample  |N-riod  were  elas-ified  aeeordinp  to  the  |H>sition  of  the  surface  i-enter  relative  to  the  isotherm  ribbon 
at  Tito  mb  and  at  8.'i0  mb.  It  develo|M-d  that  the  ela'silieation  relative  to  the  K.'iO-mb  isotherm  rildam  was 
rather  elear-i-ut  attd  simple,  with  .'i4  out  of  ."><•  ea«es  falliiip  into  four  proups.  Tentative  solutions  to  the 
problem  of  direction  of  inoveitient  were  de\elo|N-d  for  each  of  the  four  t\|M-s.  The  resultinp  methods 
us«-  the  "snapshot''  teelmiipie  oti  sin  face.  h.'iO-  and  T<Hi-mb  maps;  i.e..  all  propnoses  are  made  from  riirrent 
svnoptie  material  attd  past  positions  are  not  considered. 

1.2.  MOMMtNTnf  .\>TI<  Y(  I ' >M  S 
1.21  /h’ny/i'wi  o/  \f)iU'rn<  ril 

I'ipiire-  70  throiiph  82  >how  the  four  ba-ie  classifications  of  surface  hiph  centers  relative  to  the  isotherm 
riblMiii  at  the  8‘iO-inb  surface.  In  Tv  |m-  \ I fip.  70),  the  antievcione  is  located  in  the  isotherm  riblMin.  tisually 
with  two  or  more  i isotherms  on  either  side.  Tv|m-  A hiphs  move  parallel  to  the  isotherms  of  this  "snap- 
shot picture"  for  the  first  2 4 hours  and  sliphtly  toward  warmer  air  ilurinp  the  second  2 4 hours,  so  that  the 
path  diirinp  the  48-hour  |M-riod  is  a snusith  curve. 

In  Tvjm-  14  (l-'ip.  80).  the  antievcione  is  liM-ated  south  of  the  isotherm  riblion  and  west  of  the  thermal 
troiiph.  Its  movement  is  into  the  isotherm  riblMui  on  a path  that  is  parallel  to  an  extension  of  the  isotherms 
east  of  the  thermal  tronph.  In  most  rv|ie  H cas<-s  it  was  found  that  the  track  for  at  least  the  first  2 4 hours 
was  alHiiit  |M‘r|H-ndicular  to  the  8.’)0-mb  contours.  I'his  tv|>e  of  hiph  was  found  to  Im-  most  common  to  the 
Te\as-U  estern  (iulf  of  Mexico  area. 

Type  (1  hiphs  (Kip.  81)  are  located  north  of  the  isotherm  ribbon.  The  most  common  synoptic  situation 
for  this  tvfie  is  when  an  anticyclone  comes  into  north  central  Ttiiled  States  from  the  Manitoba  region. 
The  hiphs  move  across  the  isotherms  toward  warmer  air  on  a path  generally  parallel  to  the  8.'i0-mb  contours 
but  with  some  tendency  to  cross  toward  hipher  iiundH-red  contours.  .Vs  in  Tyjve  .A,  the  track  is  usually 
a smiMith  curve  throiiphoiit  the  48-hour  |M-rioil. 

In  Tv|ie  I)  situations  (Kip.  82).  the  antievcione  is  bN-ated  north  and  east  of  the  isotherm  ribbon,  with 
a|>parent  warm  advection  to  die  north.  A typical  example  of  this  configuration  m-curs  with  a surface  high 
centered  over  the  plains  states,  a closed  hiph  or  strong  ridge  at  8.'i0  mb  over  the  R«H-ky  Mountains,  and  a 
closed  low  at  8(>0  mh  over  the  Mississippi  valley  southeast  of  the  surface  high  center.  The  track  of  a 
Ty|>e  I)  hiph  is  |ier|)endicidar  to  the  thermal  trough  and  generally  parallel  to  the  8.'>0-mb  contour  lines. 
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mal  trough. 
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I'mo  cust'H  wt‘r<‘  foiiiul  ill  wliirli  tin*  lii^li  «'t‘iit«'r  uur<  I<h'u1i‘iI  iiiiiirr  cloM'ii  isotlirriiiK  uiid  rontoiirs  at 
8f>0  nil).  Ill  hotli  (lit*  liiirfari*  cfiitcr  ri'iiiaiiK'il  iirarlv  hlatioiiiTy  for  lU  lioiirh.  A few  raM-n  foiinii 

in  wliicli  the  (■laM>ificatinii  Man  lMiril)‘rliii<-  Ih-Iwccii  r>|M‘  A and  In  tli<‘si‘  caMCH,  the  track  followed  wah 
a (‘oinproiiiiM*  din'ctioii  iM'twccii  that  of  tli<>  iMillirriiiH  and  that  of  tlic  rontoiirx. 

1.22.  SfHtHl  of  Moivment 

A fcarch  for  other  useful  parameters  was  then  initiated.  It  was  apparent  that  some  relation  existed 
la'tween  the  s|n'ed  of  the  hifih  and  the  How  aloft  over  or  near  the  high  center.  A preliiiiinarx  ehei  k was 
made  using  the  oliserxed  wind  s|H'e<ls  at  7<M)  mh  over  the  high  renter.  In  some  easi-s,  this  proxided  a iis<‘ful 
measure,  hut  in  manv  others  the  high  moxed  eonsiderably  faster  than  the  observed  wiiuls  oxer  the  renter. 
This  led  to  an  examination  of  the  maximum  wind  s|ieed  at  TOO  mb  transverse  to  the  current  Ht>w  adjacent 
to  the  surface  high  eriiter,  and  finally  to  a useful  correlation  Wtween  the  maximum  observed  wind,  its  dis- 
tance from  the  high  renter  and  the  s|>eed  of  the  high. 

Figures  8.1  and  81  illustrate  the  method  of  determining  the  maximum  observed  wind  sjieed.  The 
surface  position  of  the  high  is  plotted  on  the  TOtl-mb  chart,  and  through  this  |ioint  a line  is  drawn  p-rpen- 
dii'ular  to  the  contour  lines.  1'he  first  definite  wind  maximum  that  falls  along  this  line  is  si-leeted  as  the 
xahie  to  be  used.  Figure  81  illustrates  the  usual  case  where  a maximum  of  wiml  s|M>ed  lies  to  the  north  of 
the  high  renter.  'File  maximum  wind  in  this  ease  is  4.')  knots.  The  si'rond  parameter,  distance  from  the 
high  center  to  the  (siint  of  maximum  wind,  is  6.2  degrees  of  latitude.  From  the  graph  in  Fig.  8.1.  a forecast 
>|M'cd  of  II  miles  |mt  hour  is  found  for  this  example.  In  Fig.  84,  the  maximum  wiml  s|H>ed  of  10  knots  is 
measured  oxer  the  high  center  (distance  0.0  degrees).  From  Fig.  8.">  the  forecast  s|s*ed  w«udd  Ik*  27  miles  per 
hour.  .Note  that  in  this  example  the  obss-rved  wind  sjieeds  decrease  as  wr  move  away  from  the  high  center. 

In  Fig.  8.1,  the  distaiu  e from  the  high  center  to  the  |M>int  of  maximum  wind  is  pli  ited  as  the  ordinate, 
and  the  maximum  observed  wind  as  tli<‘  abscis.sa.  The  s|>eed  of  the  highs  in  mph  for  18  hours  is  plotted 
besi<le  each  (H>int.  I he  *listance,  for  convenienee.  has  l»een  expressed  in  degrees  of  l.ititude.  although  if 
tiesired,  a scale  <if  statute  miles  max  easily  In*  substituted. 

here  doubt  exists  as  to  whether  to  use  a value  taken  over  or  m ar  the  high  renter,  or  a larger  value 
taken  some  distance  away  from  the  high  center,  check  the  sjieed  graph  (I'ig.  8,>)  and  use  the  one  that  gives 
the  higher  forecast  sjwed.  If  observed  winds  are  not  available  in  an  area  where  the  -pacing  of  the  contours 
indicate  the  maximum  to  exist,  a measured  s|tced  may  be  used,  but  should  Ih'  regarded  as  an  estimate. 

The  following  modifications  should  be  applied  to  the  forecast  s|N’ed: 

1.  If  the  high  center  is  within  8(KI  miles  of  the  8.10-iiib  trough  line,  measured  in  the  direction  of  exjvected 
movement,  10  miles  |ier  hour  shoiihl  Iw  subtracted  from  the  forci'ast  s|ieed. 

2.  If  the  high  center  is  liK-ateil  Iwneath  a nearly  west  wind  assm’iated  with  a broad,  flat  troii;:h  at  700 
mb.  use  one-half  the  forecast  s|N*eil.  (A  good  lest  to  apply  in  deciding  whether  to  use  this  rule  is: 
if  it  is  diflicult  or  iiii|M)ssible  to  draw  a dislim'l  trough  line,  then  the  correction  should  be  applied.) 

1.  In  Tx  |m*  r highs  situated  in  Canada  nr  in  the  northern  United  States.  1.1  miles  |H*r  hour  should  be 
added  to  the  forecast  s|ieed  (from  Fig.  81)  for  the  first  24  hours  and  5 miles  per  hour  for  the  second 
24  hours. 

4.  With  highs  in  the  Rm-ky  Mountains,  roughly  west  of  a line  from  Big  Springs,  Texas,  to  Great  Falls, 
Montana,  the  speed  graph  should  lie  used  with  caution,  although  it  is  still  the  liest  tool  which  has 
been  found  when  used  in  conjunction  with  the  rule  given  in  the  next  paragraph. 
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I-  iji.  H.».  'I  hr  rrUliuti  IwtHrm  thr  «ntiryrl«mr  rrntrr.  cliMsnrr  to  ihr  maiimiim  win*!  in  ihr  ailjarrnt  nirrmt  and 
ihr  maxiriiiini  ^rltirily.  Ihr  family  <»f  riirvri*  mraaiircA  thr  aubar<|uriil  »»f  thr  antiryrlonr  in  milrp  |>rr  hour 

(largr  li;»urr^).  .NiirnrraU  iiuhoalr  vrKicilirt*  anticyrlonra. 

The  |Ml^ition  of  tile  TOO-nib  trough  line  proved  very  useful  in  forerasting  the  formation  of  high  renters 
in  the  1 e\a^-Oklalionia  area  following  passage  of  an  mP  cold  front.  In  a typical  example,  as  the  cold  front 
ino\e>  off  the  Texas  roast,  a ridge  from  the  near-stationary  Rocky  Mountain  high  spreads  over  the  area 
U-liind  the  cold  front,  and  remains  as  a ridge  only  until  the  700-mb  trough  line  moves  past  the  Texas  coast 
into  the  (iiilf.  A closed  center  of  two  or  more  inihars  then  forms  in  the  ridge,  and  the  movement  of  this 
center  can  then  be  predicteil  using  the  methods  previously  described. 

1.3.  1M)KI*I,.M)K.NT  D.^tTA  CIlK.tiK 

Forty  -I'ight  cases  of  anticyclones  during  the  winter  of  November,  lllvO  through  March,  1951  were  used 
as  an  indc|H-ndent  data  check.  Distances  and  s|>eeds  were  taken  on  a straight  line  path  from  point  of  origin 
to  the  21-hour  |Misition  and  thence  on  a straight  line  to  the  ‘U)-hour  (Misition.  In  dehning  the  center  of  a 
high,  the  center  of  symmetry  was  useil.  The  |Miiiit  of  highest  pressure  could  not  be  used  since  it  was  found 
to  shift  alMiut  from  map  to  map  sometimes  as  much  as  2(H)  to  .100  miles  within  the  innermost  isobar.  Tables 
4 and  siimmari/.e  the  results  of  this  indc|N-ndeiit  check. 
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From  1 al>lp  4.  it  will  Ih>  m-«mi  that  for  l!t-lioiir  niow-iiii-iil-.  ,’>(i  |M‘ri'ciit  of  tin-  fon-ra-t  «|m-im|.  were  ')  tnilo-  (n-r 
hour  or  in  orror.  aiitl  77  |wr«rnl  wt-rv  10  Inil<•^  |mt  hour  or  If-^  in  rrror.  l or  Ut-honr  mo\cmrnt«.  fi2 
|wr«-fnt  were  mil«>  (wr  hour  or  loo:-  in  error,  an<l  K.'»  jM-rrrnt  were  lo  iinic'  |mt  hour  or  le-.  iti  error.  It  will 
1h'  noted  that  the  forecast  >|ieed'  are  Miniewhat  more  ai  enrate  for  the  I (-hour  |M-riod  than  for  the  J l-hoiir 
|M'riod.  I hi'  call  |H'rha|i-  Ih*  arrontileil  for  lt\  erratic'  areeleration>  whieh  are  effectixe  dnrine  the  2t-hoiir 
|K'riod,  lint  whieh  tend  to  averajre  out  over  tiie  48-honr  |M‘riod. 

'rattle  a.  Fm|ueney  ilietritiiition  of  (MHiinon  errorit. 
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I' roll!  I'ahle  *1.  it  ran  Im-  H’en  that  for- 24-honr  jM-riod',  out  of  lit  ea-e-.  or  74  [H-reent  were  aeenrate 
within  KMt  mile>.  and  that  the  averafte  |ioitition  error  for  the  IH  la-ei-  w.i'  Jti.'i  mile>.  Thi>  meane  that  in 
a majorit>  of  ea>ei>.  the  foreea^t  (Hieition  lien  witliin  the  innermo«t  eloped  i'ohar.  For  the  48-honr  iwriodn. 
41  onl  of  If)  eanen.  or  (>7  jiereent  are  within  fiOO  milen.  'I  he  eorrelation  eiK'dii  ieiit  for  48-honr  njieedn  nnino 
inde|H'ndent  data  wan  0.(i4. 
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I I.  IN  I Unix  ( TION 

lilt'  ilr.irlii  of  in<'t)'oro|o;;i('al  lilt'ratiiri'  roiurmiiii;  iipIxT  air  contour  ami  iHotlicriii  pal- 

Icrii!-  lo  llic  iiioM'incnt  of  Mirfacc  cold  frontp  indicate!*  Ich.s  intcrl■^t  in  forci  ai-tin;;  the  |io>iiioiis  of  cold  front* 
than  in  other  iio|itic  dc\clo|iincnt!<.  This  situation  iindoulitcdK  ha.*  Ih-cii  •ii|i|Mirtcd  h\  the  fcclina  ainoii" 
nictcorolo;:i.*ls  that  accurate  |iroi;nos<'s  of  cvcioaenesis,  and  of  evcione  and  antic\clonc  luovcniciils  vtill 
ciiahic  an  c\|>cri<'m-ed  Heather  fore<‘aster  to  determine  the  future  liH'alion*  of  frontal  s»steni«.  I he  |inr|Mise 
of  the  following  discussion  nill  Ih-  to  introdtiee  s\steinatie  use  of  u|>|mt  air  data  that  nill  assist  in  the  deter- 
mination of  frontal  liM  ation  on  the  .'Ill-hour  |iro<;iiostie  surface  chart. 

I lie  s\s||.||i  dc\elo|H'il  in  this  investigation  predicts  the  average  tni>\eincnl  of  various  |M>ints  on  a front 
for  a , ill-hour  period.  .*>hort  tcrin  a<  ccleralioiis  make  iitili/ation  of  the  svsirm  for  |M-riods  shorter  than  18 
to  21  hours  ipicstionahle.  The  discussion  is  diviiled  into  thre*‘  (iroiips  hast'd  on  frontal  orientation  and 
iteooraphical  hs  ation  as  follous; 

1.  |- routs  or  |Hirtioiis  of  fronts  oriented  north  of  70  deprees. 

2.  rite  (ireat  I’laiiis  vvedpe-front. 
riie  ea-t  coast  vvedpe-front. 

I.i.  Ml  Tllitll 

The  criteria  for  the  lirst  tv|s'  of  cold  front  are  listed  lielow. 

1.  The  |H>rlion  of  the  front  under  consideration  must  l»e  oriented  north  of  70  ileprees. 

2.  The  troiiph  asstwiated  with  the  surface  eohl  front  sliouhl  have  surface  isobars  indieatiiip  a west  to 
east  traiis|Mirt  of  air. 

There  have  U'cn  in  existence  for  some  time  certain  i|iialitative  concepts  relatiiip  up|N‘r  air  flow  to  sub- 
sequent movement  of  surface  cold  fronts  of  tv|H'  one.  IVrIiaps  the  most  prevalent  concept  eoneerns  the 
orientation  of  the  surface  front  relative  to  the  How  at  7lM>  mb  and  asserts  that  a movinp  surface  eohl  front 
must  have  a coni|>oneut  of  flow  at  7IKI  mb  directed  normal  to  it.  \ thorouph  exploration  of  the  alaive  con- 
cept at  the  8.‘>0-mb.  7IMI-iiih,  anil  .”>IM)-mb  levels  indicated  a stronp  correlation  lietHeen  the  eoiii|)onent  of  How 
normal  to  the  front  and  the  eiisiiinp  .'Ill-hour  frontal  movement.  1 his  was  es|N'«'iallv  true  when  eonsiderinp 
the  H.'iO-mb  and  7lM)-inb  How  patterns  and  the  most  consistent  results  were  obtained  from  the  70ll-nib  charts. 
It  was  al.so  noticed  that  the  orientation  of  the  isotherms  at  the  7(M).mb  level  relative  to  the  surface  cold  front 
was  iiiiportant  and  that  frontal  movement  dc|ieiideil  on  the  thermal  pradieni  alonp  the  front.  These  ob- 
servations led  lo  the  followinp  rule:  future  iiioxeiiieni  of  a surface  eohl  front  is  direetiv  pro|H>rtional  to  the 
peostrophic  How  and  thermal  wind  coiiipoiient  directed  normal  to  the  surface  front  at  the  7lMI-mb  level. 
See  Kips.  Kfi.  117. 

The  precediu!:  rule  was  fornudated  after  considerable  subjective  anaivsis  of  coiii|H>site  slow  and  rapid 
movinp  frontal  siliialioiis.  The  next  step  was  the  Iriiiisfer  of  these  subjective  observations  into  objective 
measurements  which  could  In-  Used  to  obtain  a qiianlilalive  estimate  of  future  frontal  displacement.  To 
aecomplish  this,  the  followinp  precedure  was  lievised: 
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Sir/)  Oiu\  rill  •■v.ict  .•niriin'  ll••nlal  |H>^ilil>ll  hum  traii!<rrrri-il  In  tin-  TlHl.riili  I'hart. 

Strp  lull.  \ariiMi'  |ii>iiil--  (lalli'il  fniiilal  ri-ffmii-r  (niiiil-)  mi  llir  i-iirfa'-f  front  were 
M'liTti'il.  iimiiiIIn  ini<l\\a\  lirlMcrii  ilii'  iiiti'i 'I'l  iion  of  t In- rmilmir>  u iili  < >iirfu)'i‘  front. 

Sii’p  riuif.  Till'  TtHI-inli  ;;i'ii'-lr<i|iliir  rmii|>mii-nls  noniiul  to  tin-  front  ov»*r  the  frontal 
r«-ft-ri-ni-i-  |«iint>  m-rr  iin-a-iirril. 

Slrp  hutr.  Tin-  lln-rinal  ;;railii-iil  roin|ioin-nl'  alon;;  tin-  front  \»t*ri-  nieasuri-il  at  the 
frontal  refi-mn-i-  |Hiint^  hv  |iro<-i-i-iliii"  iiortin-a'i  ah>ii”  tin-  front  to  a |H>i>it  2°('  colder 
than  the  n-fi-rein  i-  |ioiiit  ami  'Oiithui-»l  alon”  the  front  to  a |M)int  2’  riner.  The 
(lintanee  In-tueen  tIn-M-  '\to  |H>int.-  va-  ilireetK  iin-aMireil  in  >tatiite  niile.-«  and  will  tn- 
referreil  to  a~  the  tin-riiial  ill't.iin  i-.  In-n  the  lln-rinal  ili>tain  e wa>  l.'ttM)  miles  or  {greater, 
or  when  enldi-r  air  was  <111  <iiiiiti-ri-<l  soathwi-- 1 of  tin-  frontal  n-li-ri-iiee  |Hiint.  the  thermal 
ilistanee  term  wa>  aiilmna ’ n alK  a"iu>n  d a value  of  l.'iOll  miles. 

1 he  alwive  proeeihin-  ootliin-s  the  hash'  p.irann-ters  develo|n-il.  am!  the  methods  b\  which  thev  were 
ohtained.  The  atteni|it  to  correlate  the  );eoslro|iliic  anil  thermal  |>arameters  throutth  the  medium  of  the 
M-atter  diattram  produced  evcellent  results  fur  ail  cases  in  which  the  ci-o«trophii-  parameter  was  i>0  knots 
or  less;  however  the  ri-s|ioM-c  of  surface  fr-  iil'  to  ;:ei.,troptiii-  eomjHuients  greater  than  ’>0  knots  was  poor. 
'I'his  fact  necessitated  a review  ot  the  lalici  data  which  led  lo  the  discoverv  that  sustained  movement  of 
a surface  cold  front  over  a dO-hour  |M-riod  iu  i-\cc  s of  10  miles  j>er  hour  was  a meleorolofiieal  oddity.  In 
addition,  it  was  noted  that  stronc  cradiciits  at  the  7<M».mh  level  usiiallv  produce  foreeastinp  errors  even 
when  the  j;eostro|diie  component  normal  to  the  front  is  less  than  ■*)()  km-ts,  The  fieostrophie  flow  at  T(X) 
mil  mav  In-  separated  into  conij-ouents  normal  to  and  parallel  to  the  surface  front.  It  was  assumed  that 
large  geostrophic  components  pumllrl  to  the  surface  front  acted  as  a deterrent  to  frontal  movement  due  to 
the  teiidencv  for  minor  waves  to  form,  l or  these  reasons,  the  peostrophir  flow  normal  to  a front  could 
not  In-  Used  as  a parameter  without  modiheation. 

Figures  8H  and  8'>  n-pn-o-nt  cr.iphic.il  solutions  for  determining  the  pi-cd  of  a frontal  reference  point 
along  a line  normal  to  the  front.  Figure  88  eives  a moddied  geostrophic  eom|Miiient  which  is  used  as  the 
ahscissa  in  Fig.  8'),  which  in  turn,  gives  the  -|M-t-d  of  the  frontal  refert-nci-  [Miiiit.  In  an  effort  to  improve  the 
results  of  Fig.  H'l.  parameters  of  advcctioii  and  of  wavelength  ami  amplitude  were  investigated  at  the  8.1O., 
TOO-,  and  .")(M).inh  levels;  huwi-ver  it  w.i-  found  that  their  use  did  not  proilnce  anv  improvement  s<*  they 
were  disi-arded. 

Details  eoni-erning  the  data  used  and  the  acciiraev  of  Fig.  H'l  are  given  Ih-Iow. 

1.  One  hundred  eightv  -six  frontal  1 oiopiitalioiis  comprise  the  total  data  sample  for  the  period  Novem- 
lier  I‘).i0  through  March  |h.'»2. 

2.  Fiftv-lhree  i-omputatioiis  for  tin-  |N-riotl  NovemiM-r  I'l.'iO  through  Mareli  l‘).vl  are  indepenilent  data. 

8.  The  correlation  e<M-flicient  iM-tween  the  ohserveil  and  forecast  s|N-eds  (using  Fig.  80)  of  frontal 
reference  |Niints  for  the  imle|N-ndeiit  data  is  .8(1. 

1.  The  average  error  in  the  forecast  s|H-eds  for  the  iiide|N-ndent  data  is  8.7  miles  jier  hour. 

!>.  I'he  maximum  error  in  the  iiide|N'iiileiit  data  is  12  miles  per  hour. 

6.  A freqiienev  distrihution  of  errors  in  average  s|N-ed  for  .80-hour  |ieriod  for  .8  mph  increments  is 
listed  lielow  for  the  inde|N-ndeiit  data. 


&E05TR0PHIC  COMPONENT  (IN  KNOTS) 


i:<o 


Kie.  KH.  A gro«|r<i(iliir  ri>m|i<in<'iil  ni>rm*l  In  tli<'  «urfa<  r from  at  TINI  ml>.  I hr  nriliiialr  i»  ihr  crn-irnphii  i'nm|M>nrnt 

normal  to  ihr  frontal  rrfrrrncr  p»iinl  at  "INI  nih  in  IO*lfcnot  inrrrmrntr.  Tlir  ahr«'ir*>a  ir  ihr  total  ^ro-irophir  ttratlirnl  o\rr  tin* 
frontal  rrfrrrnrr  (>oint  in  Ill-knot  inrrrmrnla.  ( !arr>  ihr  valur  ohlainr<l  from  ihr  graph  to  K ig.  M'». 


Tahir  6.  Krr(nirnrv  dirtrihiition  of  rrrora. 
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An  example  of  the  proeetliiret*  in  piveii  iiriiip  Fip.  'Ml  on  wiiieh  the  neeer>ar\  linta  are  listed. 

Step  One.  Measure  praiiients  at  each  of  three  frontal  referenee  |M>iiits  H,  (1. 

Step  Tuv.  Measure  peostrophie  eoni|Hinents  normal  to  front  oxer  frimtal  referenee 
points. 

Step  Three.  From  eaeh  of  the  three  frontal  referenee  {Ntints  proreeil  alonp  the  front  to 
points  2®  C colder  and  2®('  warmer.  The  distance  in  statute  miles  between  these  two 
points  is  the  thermal  distanee. 


thermal  distance  700  mb  (IN  MILES) 


Kiu.  H‘L  I )ir  tiiial  fortT.i^l  -|i♦•(■ll  f.ir  I'l  liKiir'  >>f  .t  ll<•Ill.ll  rt  ft  r*  in  r (''11111  in  unit--  (tt  r It.nii  .li.'ii:^  .t  Inir  inirtii.il  In  tlif  fr-'iit 
llirnii(:h  llir  frnntal  rcfiTrinf  (mifil  I In-  'triiin.it'  i'  I*"  ili.rni.il  .li-l.iiiff  tt-rni  in  im  r ■ iiit  iit  - nf  Jim  imlf-..  I In’  .ili-ri-'.i  it 
flit*  niiMlilifil  (trnttrn(iliii’  rt  lift  I It  tnt- II I linrin.il  I"  I In  -nrf.n  t-  fi.tnl  "Itl.inn  tl  ni  I ii’  .'1. 1 


S/rf>  I iiiir.  l.llIiT  I'iL'.  HJl  Milli  ill*'  litfal  "i'i>-lrii|iliii  I'liiiijniiii’iil  .mil  ||n'  nrii-|rn|iliir  rniii- 
|Hini*ilt  iinrfiiiil  111  fill’  friiiif.  I In*  ri*?'t!ll  if  lln*  ifinililiri)  ^I'nf Ir* ijiliii’  riiMi|HiMi*Ml  iiiirtii.il 
to  tlir  rniiil. 

Str/i  liiv.  I’.iiIiT  I'jn.  )i*l  «illi  tin-  Iiii>ilirn'il  nfiiftrojiliir  I iim|iiiiii'M|  ,t~  |lir  illl■■^if-a  ainl 
the  thi'riiial  ili-tanri-  a'  llif  oriliiialc. 

Slvp  Six.  Mo\c  iMrli  rniiital  rrfiTniiiT  jioiiil  for  itO  innirf  at  itii-  f|irril  inilii  .iinil  fniiii  i jn. 
8't  aloiiij:  a lin<‘  iioriiial  to  I hr  frnnl. 

Sh’f)  Sii't-n.  Oiiiiiirrt  ihr  |irojrrlril  rroiilal  rrfrrriirr  |ii)iiilf  to  iniiflriirt  llir  |)riinnn-lii’ 
frontal  ■lo.'-itioii. 
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\arii|il«‘ »»f  i !.»l«*;r»»r>  I «'<»tn|Mitati<>n  f«*r  l<>-l»*Mir  ••*iM  •!i-|»l.n  • iii*  iil  '^»ImI  lit**'-  ar«-  ft  «*«*iil.nir' 
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I III'  II Ilf  I III'  I II II  rill  III'  111111111(111'  ..ill  II. I till  .1  IK  ' . \ ■ I 111'  III'- 1 ii'sii|l.s  u Ill'll  riMiriliiiiiti'il  w it  li  1 lii'  iiiiil(‘- 
riiil  ilr^i'liii'i'il  ill  iillirr  (iiii  lii'ii'  "I  llil'  (iiililir.iti'.ii  1 iiiii  ' i 'iMi:.'  i'\  liir.'in'«i-  uml  ||n'  iiiiim'iiii'iiI  uf  rw'liiiWS 
anil  ant ii'M'li nil"-.  I liri i liiir.  I In-  iiit(iin  l.im  i-  ”1  i m III-. m -i  I'l  ! i \ i Imu'  iiin\ I'liii'iil  tn  fnri'ra-liii"  friiiilal 
liM'aliiiri'  iliM  ii««i  il  lirlmi  Im  -i'  i ,i-i''. 

I . NiiniiTiMi-.  '■il ii.i I inii-  ,iri-r  n In  n-  tin-  It'll r ill  "I  lln'  • "M  Inuil ..!  -1 1 in  ! ini'  i'-  '■iii.ill  anil  -tri'ti'liing  of 

till'  rroiilal  '.iirl.ii  i'  m riir-  iliiriiii!  (In'  !n-lioiir  fnnra'l  (ll■■ilnl  ilm  ti.  ilin  niow'iiiriil  of  a Ion  ri'illiT. 

In  lln'''i'  la'i'  till'  'liiiil  lrn;;lli  nl  llii'  loM  front  ii~nal!\  |H'riiiil-  onK  oni'  frontal  ri'fiTi'iiri'  jioinf 
roni|iiili  til'll:  lln  ri  furi'  llir  foio  a'I  |ioNiiiiin  nf  (In'  |ou  ri-nliT  i|i'lrriiiini'>  llif  iiortlirrn  loration  of 
till'  fr  uit  anil  iiilrri'nl.ilioii  In'lni  rn  tin'  luo  fi.ri-i  .i't  |M••ilion■'  nill  lir  ni'ri'i..'.ar» . 

'2.  ( iM'liigi'iii"  i»  on  a -iirf.ii  i'  l oM  frniil  will  gi'iii'ralK  ri"-iill  Ki  ili-i  I'lrral joii  iluriri"  llii'  |n'riinl  that 

r\ rlii;;i'iii''i..  i-  l.ikiii;:  (i|.n  r.  Il  i-  ilirrrforr  '.ii'igrKfi'il  that  frontal  Ini  ilinii-  nltlaini'il  In  llir  fori'- 
goiiii;  nirllioii  I'  . (I-  I llir'iii:;lt  . In'  nioililii'il  li\  loii.iili'riiig  lln'  |iriiln  li'il  liH'alion  of  ^I'roiiilarv 
low  rrnli'r''. 

il.  W Ill'll  t!ir  |iriiiri|ial  trough  at  Ttm  inl>  lii*'  wril  to  tin'  I'.’i'-t  of  tin'  -.iirfai'i'  rohl  front  >ni  tliat  llir  front 
il-  iiiiiliT  '•tr.iiglil  iiorlliwi'>t  How  at  7lM>  nih.  froiiloK 'i-  grniT.ilK  iN'i'iir'-  anil  tlir  front  iiimri  at 
a|i|iro\iniali'K  '(  i f llir  -jn  i il  iinlii  alnl  in  I ig.  !!'». 

t.  U Ill'll  a >iirf.ii  r rolii  front  with  nrarlv  ■'a'-t-wr-t  orirniaiion  i'  in  tlir  niiilwr^trrn  I nitnl  Statr>i 
iinilrr  wi'-IitK  ilow  at  TiHi  mli.  ihr  front  -lioiilil  In*  |iroji'i  ii'il  until  it  Im'i'oiiii'''  |iaralli*l  to  tlir  rvintin)! 
(low  at  7iMI  mil.  riirllii  r iiii'M'Iih'iiI  will  not  l.ikr  |il.nr. 

.*>.  Ill'll  .1  -iirf.irr  I olil  fi'iiil  i'  iliiniin. Ill'll  or  l oiiirollril  In  a Iroiigli  in  i',t-l-li  .wr-t  Ilow.  i.i ..  llii> 
|Mirlioii  Ilf  till'  Iriiiil  %Mlli  iMM-rlrii  i-ohar-  i-  loiigrr  than  tlir  iiorliiiii  of  ihr  fropl  a<">iN'iatnl  with  a 
nor  Ilia  I I rough,  tlir  iroiii.il  -iriii  w ill  uni-  ■'  with  .iiiiiroxiui.ili'K  h.ilf  ihr  -iH'ril  itiiliralril  in  iig.  K'*. 
I lirrr  will  hr  a li  inlrin  \ l.ir  triinii.K-i*  ll•••l^llr  north  o|  ihr  l.i-l  iiiMTlril  •iirf.irr  i.-oltar  ainl  fora 
'■i|iiall  nr  I'l  iiiihii  nl  ii"ugh  to  I'lriii  lu  .l|■|•ro\iulal•'i^  lii  hour'  at  .i  ili'l.iin  r .ilirail  of  tlir  original 
rolil  friiMl.il  iio-ilinii  gill  II  In  ihr  lull  -|n'nl  in  lir.ilril  in  I ig.  it'*, 

f>.  I ronl'  wliirli  loriii  in  li.uigh'  to  ihr  i.-r  of  thr  ISoi  Moiiiilaiil'  ii'iialK  raniiiu  !n'  'lM'rr..'fullv 
Irratril  with  thi'  '>'lriu  until  thr  in.ijoi  |Nirlioii  of  llir  front  lui'  nnnril  ra'I  of  (hr  yjlli  nirriili.in. 

A satn|>lr  workflirri  i-  [irrM'iilril  fur  |ir.irlii  .il  a|i|iliralioli  of  llii>  lrrliiiii|ur  loii 

Thr  srronil  l \ |h'  of  rohl  front  i>  rallnl  "thr  ( ir-al  I’lai.i'  wi-ilgr-froni."  TIh'm'  front'  an>  orirntrd  m'arlv 
raiit-wrhl  ami  tlirir  ininrinriil'  < annot  hr  iirnlirlril  '.ili'larluriK  in  llir  ii.’i'llioii  ilr\iia'il  for  thr  fronto 
of  t.>|»r  onr.  'I  lirir  .'oiilliwaril  |irogrr.«>  in  tlir  t.rral  i’laiii'  ami  If-xai"  arrai>  iii  ihir  |>riiu'i|)alh  to  thr  ”wr«lp- 
ini;  action”  of  thr  rohl  air  whirh  hlowi-  lowani  thr  i{ork\  Mountain'  a'  il  rimilalr«  aroiinii  thr  MNitlirrn 
extremity  of  a high  prr"iirr  arri:  to  thr  north.  In  thr  ii'iial  'Wioptir  'iiualion  of  thi'  Ixpr.  a rvrlonr  ii* 
loratrd  ro'l  of  thr  '>Oih  nirriilian  ami  the  rohl  flout  iN'ronir-  nearly  ra'i-wr'i  a>  il  rro'M''  the  lOtHh  mrriiiian. 
Thr  surface  trough  in  this  area  will  ii'iiall)  la-  iii\rrir<l  with  east  to  west  Ilow  through  llir  trough  and  raslrrlx 
Kinds  north  of  the  front.  Normall»  thr  inow'inriil  of  iIh*  |Hirtion  of  the  front  ra'I  of  the  Tilh  meridian 
may  be  roni|uitrd  ihroiigli  thr  nirihods  iim'iI  for  fronts  of  tt|H-  one. 


WOKK  SHI  IT  FUR  CATKCOKY  I COlU  FRONT 


OATK:  

TIMK  OF  7m».mb  C.IIAKT: 

RKQl  IRKMKVrS: 

1.  Frtml  ttr  portion  of  front  iinHrr  rtinMilrration  miiHi  |»r  ori«‘ntrf|  north  i»f 
70  (Jrgrfri*.  rd^iiil*  action  to  llir  %kiml«kar<l  of  a mountain  harrirr  t^hoiihl 
nut  Ih*  a facl(»r  in  the  frtuital  movement. 

2.  Oo  not  appU  tliiM  techni<|ue  t<i  surface  cohl  front*»  that  ha%e  fnrmnl  in  l)ie 
trmiph  t<»  the  lee  of  the  R<M'ky  MiHiiitaiiiA  iintit  the  major  |M»rli4»n  «*f  the  front 
haa  paaM*<l  eaat  c»f  the  OSth  meritliaii. 

DEVFI.OPMENT: 

1.  Sketch  aiirfai'e  cohl  front  <m  the  7<Nt*nih  chart. 

2.  Select  frontal  reference  |MHiita  «»n  the  front  preferahty  lietueeii  the  rontmir- 
front  interaeclMMia.  Note  the  lalilinle  of  each  fr«»ntal  reference  |M»int 

3.  Meafture  the  t<»tal  i^eoatrtiphir  uiml  at  700  mh  over  each  fr«»ntal  reference 
point  . . 

4.  Measure  the  |*e<Mtr<»fihic  c«»m|Htneiit  n<*rmal  to  the  fr«>nl  a*  fietermiiieO  h> 

the  c«Kit4»ur  front  interaectHma  

5.  Enter  Fi|(.  RR  with  the  value*  obtained  from  o|»eratH»na  3 and  I.  Thi«  i»  the 
value  of  the  m<Mhhe<l  component  normal  to  the  fr<»nl 

6.  From  each  fr<»ntal  reference  |Miint  pr^a  erd  alonj:  the  front  2 i touard  ndder 
air  to  the  nnrtheaat  and  2 t<mard«  warmer  air  to  the  Mmthwe«|.  Mea«>ure 
the  diatance  between  the  two  tem|»eraliire  |H»inta  in  atatute  mile*  to  obtain 
the  thermal  diatance  term.  If  the  thermal  di«taiH'c  la  ITHNI  milri>  i»r  i^realer 
or  if  colder  air  ia  encfMintered  when  |»T4M'er«lin):  to  tlie  M»Mihwe*t  i»f  a fr«»nial 
reference  point,  aaai|sn  I.SOtt  mile*  to  the  thermal  diatance  term 

7.  31  ith  the  value*  olitained  fr<»m  operaliona  3 and  f».  enter  Fi|S.  K*1  for  a Hnal 

fiirecaat  apeed.  In  atatute  mile*  |ier  Innir  for  30  h«Hira  ... 

8.  Move  each  frontal  reference  |Miint  with  the  «|ieed  indn'atnl  from  Fips.  HO  for 
30  hour*  alonK  a line  normal  t<»  the  front  thr«Hi};h  the  Cnmlal  reference  |Munt. 

0.  f 'connect  all  |>nijected  frimlal  reference  |MMnl«.  t^mnect  the  northern nwiat 
reference  pidnl  to  the  |>redicted  low  center  |M»fitM»n.  The  line  conalrurlr<l  ia 
the  3thhour  pritfenoatic  cold  fr«*nt  poaitHm. 

MOniFICATtflNS: 

1.  If  the  aurfare  front  lie*  well  to  the  weal  of  the  principal  irtm^h  at  780  mh  and 
ia  under  nnrthweat  flow  at  7tN1  mh.  frtmtolyahk  ia  Ithrly.  Mttve  the  front 
with  7S  percent  <»f  the  apeed  indicated  frtim  Fi|t.  8*1. 

2.  If  the  portion  of  the  aurfare  front  cfintroiled  hy  an  inverted  aurface  trough* 
eaat  to  weat  How  through  the  trough  imiicalcil  by  the  aurface  ia«d»ara.  ia  greater 
than  the  porthm  of  the  frfmt  ciHitrolled  hy  a normal  trough.  m«»vr  the  front  at 
50  percent  «»f  the  apeeil  indicatnl  from  Fig.  88. 

A.  There  will  lie  a temlency  for  frontolyaia  mirth  of  the  laat  inverted 
aurfare  iaoliar,  with  a aipiall  line  or  imlin'cil  trough  forming  in 
approximately  18  hmira  at  a location  fixeil  hy  the  full  «peeit  of  the 
original  fr«*ntal  rtimputafion  from  Fig.  88. 

3.  In  the  event  that  a near  eaat.weai  front  exiata  through  the  middleweatrm 
portion  of  the  I niird  State*  iimler  weat  Row  at  7811  mh,  the  aurfare  front 
ahould  he  projected  until  it  Itecomea  parallel  to  the  exiating  Row  at  700  mh. 
At  thia  point  further  progrra*  will  prarlirally  eeaae. 


In  ih«*  r"  «r<)"r. front  with  the  lOftih  nicriiiian  Hill  In*  rcffirfil 

to  I li'i  t ,1  ill  (,jvi-  the  MMithnani  ili.oitlarrriirnt  of  tin-  front  for 

lio  n-  ,!  -i  I >.ikota.  an«J  \«’ra  (tiiz.  Mexico,  Thii*  line  Han  chonen 

looiiln  I.,  I,.  . . I ‘ \a- and  Mexican  coaotn  and  to  avoid  the  niountainoiin 

arc.i'  "I  \|  \i,  .. 

I 111  'I. Ill  oil  III  mI;i  !i  ; !i  I : ,1  In  c\|ilain  the  niechanicn  of  H'edpnt;  action  in  the  (ireat 

I’laiM'  .iii-.i.  Iiiii  till.!, ill  'III:  III  M"|  >ti<  ciinditionn  i>f  the  u|t|ier  air  to  niihnei|(ient  frontal  din> 

[ilai'cmciil'  fur  a li  i-!u  mi  |"  F ii  nl 

1.  \ I It  I lull  \ (liiu  ,1 1 " ini',  .1-  Ill'll.  ,1 1.  'I  I'v  I III-  lici^lit  contoiirn  over  the  Hedpiip  ,>iurfacc  (cold  front), 
ri'-iili-  III  r.ij'i'l  -"iillm,inl  (T";.'ii  " "I  iln-  /i"ni  during  the  entire  |jeriod. 

2.  .Siiitlii'i l\  ll"»  .It  I'lriO  mil,  ,1-  iiii|ir,iti  il  l'\  the  height  contunrn.  indicates  slo>-  movement  of  the 
Hciliic  froii!, 

’I  he  ilircctioii  Ilf  (liiu  at  JiVi  mh  i-  imn  h more  closely  related  to  the  frontal  movement  than  the 
sirenuth  of  the  llo», 

1.  (aild  adtt'ctioii  at  7n<»  mh  to  tin-  iiorthHcsi  of  the  frontal  reference  |H>int  intensifies  the  wedging 
action.  Warm  advection  in  the  >,ime  area  ili'conrages  the  wedging  action. 

Four  basic  Ilow  |iutteriis  at  H'i<i  mh  <«lioHn  in  Figs,  'i|  through  *>4)  indicate  the  nature  of  subsequent 
displacement  of  the  surface  wedge-front,  l igtire  ‘>1  indicates  long  term  northerly  flow  over  the  wetiging 
area,  a condition  favorable  fur  rapid  inovcinent.  Figure  iiniicates  long  term  s«iutherly  flow  which  will 
discourage  southward  progress  of  the  front.  Figure  'hi  imlicates  that  a change  in  flow  over  the  wetiging 
area  is  likely  from  northerlv  to  >tiiiiherly  inilicating  ileceieratiim  during  the  latter  portion  of  the  forecast 
period.  Figure  'U  indicates  a change  from  stiulherly  to  northerly,  and  that  acceleration  will  take  place 
during  the  latter  (Mtrtion  of  the  ftircca.st  |N-riod.  Ft>r  the  purpose  of  illustration,  the  basic  flow  patterns  are 
examples  of  classical  ridge  ami  tritiigh  intMicIs;  however,  numerous  unusual  contour  configurations  are  often 
observeel.  This  fact  proliihiteil  tlireei  use  of  wavelength  and  amplitude  as  parameters  and  made  it  nei-es. 
sary  to  devise  a method  (shown  in  Fig.  d.i)  for  measuring  the  direction  of  flow  to  the  north  and  west  of  the 
frontal  reference  fa>int.  I'iir  method  is  based  on  measurements  made  at  8.^0  mb.  Point  is  the  frontal 
reference  point.  Point  H is  l<N*ated  .vOO  miles  due  north  of  (mint  A and  will  usually  lie  in  the  cold  air.  Point 
C is  obtained  by  following  the  contour  over  K KMM)  miles  upstream.  The  differenre  in  latitude  from  .A  to  C 
is  a measure  of  the  direct  ion  of  fl«»w  over  the  wedging  surface.  This  diflirrrnee  will  be  referred  to  as  A 
Point  D is  loealrd  HMM)  miles  west  of  Point  ,\.  Point  F)  is  taken  1000  miles  upstream  from  D or  ai  the 
intersection  of  the  height  line  with  the  12.')lh  meridian,  whichever  weurs  first.  The  difference  in  latitude 
between  K and  I)  indicates  the  western  extent  of  the  fl«)w  B-C  or  the  change  in  flow  that  exists  to  the  west. 
The  latitude  difference  K-l)  will  lie  referred  In  as  A . The  A 0 values  are  considered  positive  if  northerly 
flow  is  indicated  and  negative  when  southerly  flow  is  indicated.  If  points  B and  D fall  in  an  area  of  flat 
gradients,  A will  then  be  latitude  difference  B>A  and  A will  be  cem. 

As  previously  mentioned,  tlie  advection  factor  at  700  mb  northwest  of  the  frontal  reference  point  male* 
rially  affects  the  subsequent  displacement  of  the  wedge>(ront.  A simple  method  devised  fiar  evaluating  the 
advection  factor  at  700  mh  is  show  n in  Fig.  % and  desrrihed  below.  From  the  frontal  reference  point,  |irn> 
ceed  230  miles  northwest  to  locate  point  B.  Follow  tlie  contour  over  B 500  miles  upstream  to  loeate  point  C. 
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t»5_  Ksamplr  wl  [loa'i  ilMr  •«  olrtaio  awl  at  H.VI  mh.  See  pa^«*  135. 


Fig.  97.  ABowflaygMy PWm  wcdg* imiil  wlmi  a rloMiJ  lo«raii*l*  at  8S0  aab 
awateltha95tb  uriiiia.  aaJ  withia  1490  aiilm  of  iba  froaial  refcaeaca  goiM.  TW  heavy  Kac  »ha«U  be  MqwriMpnMJ  oa  ibr 
lOOlb  aMrbtiaa,  arMh  tbs  reatt  bar  tlbartly  over  the  haaial  wfcreace  foiat.  Locate  aN  too  caatete  at  ISO  aib  waef  of  the  9S  th 
■iriiHaa.  aa9  althia  1400  ariha  of  the  froatal  tafcteaee  poiat.  The  hicatiaa  of  the  8S0<aih  loar  oeatcr  idalhre  to  the  froatal 
rafcreaee  fniat  deterariaoB  the  fctacasl  efwe4  of  aaweawat  (of  the  earfsee  «a9ge  hoat)  ia  arilee  per  hoar  for  M boare,  ahaig  a 
liae  BBaaefth^  Bhaiactb.  North  Oabots,  aa9  Vara  Cras.  Mesko.  If  aMte  ihM  oae  hpa  eealar  b praeeat,  ohtaia  the  feraiasl 
apsa9  far  each  ceator  ataag  the  arMaaetkal  average  far  a iaal  iBtecael  apeerf. 


M3 


Note  the  temperature  difTerriu'e  lietween  puinlo  U and  C.  Average  tlie  obiterved  Mindx  lielween  the  points 
to  the  nearest  5 knots.  A simple  niultiplieation  AT(b.c)  X V(||.o  is  the  adveetion  factor  at  700  mh,  de- 
noted A |,-:oo<  and  is  considered  p<isitive  when  indicating  cold  adveetion  and  negative  when  irtdicating  warm 
adveetion. 

At  times,  the  presence  west  of  the  9Sth  meridian  of  a definite  closed  low  center  at  S.SO  mb  within  1400 
miles  of  the  frontal  reference  [Mtint  prohibits  a representative  computation  of  A 4>s  and  Therefore, 

all  these  situations  when?  such  lows  had  at  least  one  closed  200-foot  <'ontour  and  were  verified  by  observed 
winds,  were  deleted  from  the  data  sample.  A separate  investigation  of  these  cases  indicated  a strong  rela- 
tionship between  the  location  of  the  H.'iO-mb  low  center  relative  to  the  frontal  reference  point  and  subsequent 
frontal  movement.  .A  tissue  overlay  graph  with  a vertical  line  representing  the  100th  meridian  and  a cross 
bar  for  the  frontal  reference  |M>int  was  devised  and  utilized  in  this  study.  The  overlay  was  placed  on  the 
850-mb  charts  and  all  low  centers  west  of  the  9.5th  meridian  and  within  1400  miles  of  the  frontal  reference 
{mint  were  located  on  the  overlay.  The  subsequent  30-hour  average  s|>eed  of  the  front  was  |>lotted.  S|>eed 
lines  shown  in  Fig.  97,  were  drawn  for  these  values,  and  this  graph  was  used  in  forecasting.  In  the  event 
that  more  than  one  low  is  |>res<*nt  in  the  area  covered  by  the  overlay,  all  renters  should  be  plotted  and  the 
final  s|ieed  forecast  is  taken  as  the  arithmetical  average  of  their  s|ieeds.  This  method  is  referred  to  as  the 
"closed  low"  method.  Statistics  for  this  method  are  as  follows: 

1.  Fiftv-nine  cases,  from  January  19.50  through  March  1952,  are  included  in  the  total  data  sample. 

2.  Thirty  cases,  from  November  1951  through  March  1952,  comprise  the  indefiendent  data. 

3.  I'lie  correlation  coefficient  between  observed  and  forecast  s|ieeds  based  on  Fig.  97  is  .85  for  the  in- 
defiendent  data. 

4.  The  average  error  for  the  inde|iendent  data  is  4.4  miles  |ier  hour. 

5.  The  maximum  error  is  1 1 miles  |ier  hour. 

6.  The  frequency  distribution  of  errors  in  the  30-hour  average  s|ieed  forecast  is  given  in  Table  7. 


Table  7. 


Krriir  in  30  Hr 

No.  Casca 

Percent 

0-2 

10 

33.3 

3-5 

10 

33.3 

6-a 

6 

20.0 

9-il 

4 

13.3 

12 

0 

0.0 

When  there  is  no  closed  km  at  8.50  mb,  the  "<qien  trough"  forecasting  method  is  used  for  the  wedge- 
front.  The  parameters  A dn  and  A dw  utilized  in  a preliminary  graph  shown  in  Fig.  98.  The  value 
given  by  this  graph  and  the  advertkm  factor  (Af;qo)  are  used  in  Fig.  99  to  give  the  final  s|ieed  of  the  cold  front. 

The  billowing  statistics  are  presented  hr  "open  trough"  cases: 

I.  The  total  data  sample  comprising  60  cases,  covers  the  period  November  1949  through  March  1932. 
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Pi(.  98.  Prctiamury  prtxlietiaa  / Cn>«l  ItaiM  wddte  irau  imoith  raleipiry).  Tbe  nrdinalr ••  plollnl  in  4"  incrc- 
OMHiU.  The  abarwaa  ia  piottad  in  4°  inrranwnU.  (^arr?  iba  aalur  oblainrd  fmoi  ihia  fifcurr  lo  Fig.  99. 


2.  The  independent  dau,  comprising  28  cases,  covers  the  period  November  1951  through  March  1952. 

3.  The  correlatioo  coeSdent  between  observed  and  forecast  movements  based  on  Figs.  99  for  the 
independent  data  ia  JO. 

4 The  average  error  from  Fig.  99  is  2.68  miles  per  boor. 

5.  The  maiiniwm  error  baaed  on  Fig.  99  n 17  miles  per  boor. 

6.  The  frequency  distribatioa  of  errors  in  the  30-bom-  average  speed  frirecast  for  3 miles  per  hour  incre* 
mems  is  Bated  for  independent  data  in  Tabk  8. 


TsMsS. 


Emt  mph 
90  Hr 

N«k  Casaa 

p0fcfnt 

0-3 

21 

75.2 

S-S 

4 

14.3 

0-0 

1 

9.5 

9-11 

0 

0.0 

IS 

2 

7.1 

14S 


Fig.  99.  The  final  fiiracaal  (peed  (open  troogh  850-«b  category)  of  the  Great  PUina  wedge  front  ia  aUtote  ndlea  per  hoar  -»«— g 
a line  connecting  Bfrinarck.  North  Dakota,  and  Vera  Cnia.  Meaioo.  The  ordinate  preiiaiaary  prediction  I ia  obtained  front 
Fig.  98.  The  abaciaaa  ia  the  advection  factor  at  700  mb.  Tbe  family  of  carraaiadicatea  the  fatal  apeedfacecaat. 


A caatui  inspection  of  Fig.  99  reveals  four  large  errora.  Tbe  errors  occurred  when  a well  defined  ridge 
was  just  west  of  tbe  frontal  reference  point  and  a trough  was  near  the  west  coast  of  the  United  States.  These 
situations  fit  the  bask  decelerating  pattern  shown  in  Fig.  93.  On  three  of  the  occasions  (indicated  by  the 
circled  numbers  In  Fig.  99),  the  ridge  remained  stationary  resulting  in  northerly  flow  over  tbe  wedging  area 
for  the  entire  30>hour  period.  Two  of  these  cases  were  associated  urith  warm  air  advection  in  advance  of 
the  ridge  which  suggested  that  slow  or  stationary  ridge  movement  might  occur;  however,  other  ridges 
similar  character  moved  eastward  in  the  normal  way.  Since  attempts  to  insert  parameters  that  would 
reflect  the  movement  of  the  ridge  were  unsuccessful,  occasional  large  scale  errors  will  result  when  an  mmmuil 
ridge  or  trough  dispiacement  occurs.  The  fourth  large  error  (indicated  by  the  asterisk  in  Fig.  99),  was  the 
result  of  an  unusually  large  deceleration  pattern  associated  with  the  devdopment  of  an  intense  low  in  New 
Mexko  during  the  latter  portion  of  the  30*hour  forecast  period.  The  wedge-front  moved  southward  at 
the  rate  of  16  miles  per  hour  for  the  first  18  hours,  then  as  the  New  Mexico  low  developed  and  moved  into 
north  Texas  it  moved  northward  as  a warm  front  back  to  its  original  position. 


Works!  fiTOtit*  sw^eKi^#<i.onj>ai;e  147.  The  third  ty|le  oC*-mM. 

'Iront  )7  ait^M  IlniteiTl^S^'aHrt- 

18  often  observed  duriiif:  The  (slider  iKirtilhs  of  th§  y«ar.  These  wedge  formations  ifSPth^Mtdit  of  a deforinTa 
tion  of  thewulhern  iwiban.  of  a c«)}«l  antiev  clone  which  moves  slowly  eastward  rwrth  of 
easterly  component  of  ihe  wind  t^nih  of  the  high  I'enler  carries  the  cold  air  directly,  into  the-^ ppafacFiah 
Mountain  barrier  which  defler-ts'the  air  to  tiie  south  and  results  in  a northeast-sbulhwest  orientation  of  the 
surface  isobars.  This  s\  noptic  development  usually  occurs  after  all  frontal  ayslems  preceding  the  anti* 
cyclone  have  been  forced  into  the  Atlantic  (these  fronts  belong  to  type  one).  However  on  occasion  the  wedge 
formation  is  directly  preceded  by  an  east  -west  cold  front  and  southward  progress  of  this  wedge^front  will 
be  discussed  in  this  section. 
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WORK  SIIKKT  FOR  CRFAT  PLAINS  WKDOK.FRONT  O/'KV  TROI  GU  CATEGORY 

DATE: 

TIME  OF  850-  AND  700-mb  CHARTS; 

REQPIRKMENTS: 

1.  The  «urfare  cold  front  ahould  Im>  apfiroarhinK  an  «a«l>w«al  orirntalinn  aa  it  cmaaet  the  lOOtb  meridiaii. 

2.  The  surface  isobars  north  of  the  front  sluiuld  display  an  easterly  component. 

DEVELOPMENT: 

1.  Note  the  latitude  where  the  surface  front  cnisses  the  lOOth  meridian.  Mark  this  point  on  the  850-  and  700-mb  charta. 

2.  On  the  K50-mb  chart  laliel  the  frontal  reference  point  A and  proceeti  SOfl  miles  north  of  the  frontal  reference  point  to 

locale  |Miint  H.  Follow  the  contour  over  |M>inl  H IIKMI  miles  upstream  to  locate  point  C.  The  latilUflr  difference  from 
pitint  A to  ('  will  Im'  refcrreil  to  a*  It  shall  lie  considereil  positive  when  point  C is  north  of  point  A and  will  be 

considered  netiuiive  when  |HHnl  C is  located  south  of  point  A.  In  the  event  point  R is  located  in  a completely  flat  area 

will  Is- Idlilude  ilifference  H to  A.  . . 

3.  From  the  frontal  reference  point  proceed  lOtNI  miles  went  In  locate  point  D.  Follow  the  contour  over  point  D 1000  miles 

upstream  or  to  the  point  where  it  crosses  tlie  125th  meridian  whichever  occurs  6rsl.  The  latitude  difference  E to  D 
will  lie  referred  In  as  It  shall  lie  ronsiilered  |Misitive  when  E is  located  north  of  D and  negative  when  E is 

kicatrrl  south  of  D.  In  the  event  that  |Munt  D in  kwalrd  in  a completely  flat  area  will  be  aero. 


4.  % ilk  the  values  from  two  and  three  enter  Fig.  98  for  a preliminary  predicliosi  value 

5.  \t  the  70<».mli  level  proceeti  2.W  miles  fnim  the  frontal  reference  |M>int  to  the  northwest  to  locale  point  B.  Follow  the 

etinlinir  over  K miles  upstream  to  loeale  (NHiit  Note  the  |rm|>eraliire  ilifferenre  from  B to  C.  This  value  will 
In*  referretl  to  as  T(|i  - o It  will  l»e  considereil  |M>sitive  when  the  temperalnre  at  C is  colder  than  at  B. 

Average  the  observed  wiiiils  from  II  to  t!  to  tlie  nearest  5 knots.  This  will  lie  referred  to  as  V(B  - C)  

Multiply  1(11  -.  C)  h)  V(H  - 4.1  to  obtain  the  advretion  factor  at  TiKI  mb  Ap  ;on  

6.  31  itb  tlie  values  obtained  from  o|ierations  I and  .S'enler  Fig.  99  for  a linal  s|>eeti  |>rediclion  in  statute  milea  per  hour. 

7.  Move  tlie  surface  wedge-front  along  a line  connecting  Bismarck,  North  Dakota,  and  Vera  Crus,  Mexico,  for  30  IxMirs 
at  the  Sfierd  imiicaled  from  Fig.  99. 


NIORK  SHEET  FOR  GREAT  PLAINS  WEI)(;E-FR0NT  CLOSED  U)W  CATEGORY 


DATE: 

TIME  OF  850-mb  CHART; 

REQUIREMENTS:  — 

1.  Tha  surface  front  aboold  be  approaching  east -weal  as  it  crtaism  the  lOOth  meridian. 

2.  The  swfaoe  nubars  .nudli  of  tlie  front  sluiiild  display  an  easterly  component. 

3.  A dosed  low  must  be  present  it  8S0  mb  west  of  ibeVSth  meridian  and  within  1440  miles  of  the  point  where  the  surface 
front  crosses  the  lOUth  meridian.  This  is  tlie  fnmlal  reference  point,  llie  kiw  should  have  at  least  one  closed  200- 
foot  conloar  with  the  observed  winds  verifying  the  ckierd  cipmlatiofi'.' 

DEVELOPMENT: 

1.  Mark  the  fronul  reference  point  on  the  base  map.  Place  Fig.  97  over  the  base  map  with  the  cross  bar  over  the  frontal 
reference  point,  and  the  hMvy  vertical  line  directly  over  the  lOOth  meridian.  Mark  the  position  of  the  gewnetrical 
center  of  the  closed  low  on  Fig.  97.  The  (kmIhhi  of  the  renter  of  the  rinsed  low  indicates  the  average  30-hour  speed 

in  statute  miles  per  hour. • In  the  event  that  more  than  one  dosed  center  esisis  in  the  area 

covered  by  Fig.  97,  note  the  position  of  each  cenUr.  The  final  speed  forecast  will  he  the  arithmetical  average  of  the 
speeds  indicated  for  each  low  center. 

2.  Move  the  wedge-front  for  30  hours  along  a line  connecting  Bismarck,  North  Dakota,  with  Vera  Cnn,  Mexico. 


ItH 


FS«-  100.  Preliminary  prediction  / eaM  coaal  wrdpe  fmnl*.  The  ordinate  earn  ii>  the  hei|>hl  differenre.  rorrretrd  fur  lati- 
tnde.  at  Soti  mb  from  the  frontal  reference  point  to  a piiint  600  mile*  ea*t.  The  ahoriiea  AX  wr*i  i*  the  lieipht  ililTrrrnra,  ror- 
rected  for  latituile,  from  the  frontal  reference  point  to  a point  600  mile*  we*t.  The  AX  value*  are  plotted  in  increment*  of  100  ft. 
Carry  the  valtm  obtained  from  the  family  of  curve*  of  in'aph  to  Pip.  I0|. 


The  leading  edge  of  the  wedge  is  usually  characterised  by  a nose  of  cold  air  directed  towards  the  south* 
west  as  it  advances  down  the  coastal  plain.  A line  connecting  Caribou,  Maine,  and  Cross  Qty,  Florida, 
will  normally  bisect  the  nose  and  be  approximately  the  axis  of  the  wedge  formation;  therefore  the  displace- 
ment of  the  wedge-front  can  best  be  measured  along  this  line.  The  measurements  of  the  parameters  will 
be  made  relative  to  the  intersection  of  the  wedge-front  with  this  line,  which  will  be  called  the  frontal  refer- 
ence point.  The  speed  of  displacement  obtained  from  the  graphs  in  this  section  is  the  average  speed  for 
a 30-hour  period.  Frequent  short  term  accelerations  make  use  of  the  graph  speeds  questionable  for  periods 
of  less  than  18-24  hours.  Since  the  existence  of  a wedge-front  in  the  coastal  plain  is  rare,  only  a limited 
amount  of  data  was  available  for  this  study.  Therefore,  the  solutions  are  tentative  until  it  will  be  possible 
to  test  them  with  independent  data.  The  following  observations  are  the  result  of  a subjective  study  of 
upper  air  ebarts  relative  to  the  subsequent  .30-hour  displacement  of  fhe  surface  wedge-front. 
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Fi|E.  lot.  Tlw  liiiiil  fiirt-riiii  >|>rrH  of  raiil  roaal  «rr<l|(r  front*  in  •taint*  mil**  p*r  hoar,  for  30  hour*.  alon|E  a lin*  ronncctinn 
CarilHiii,  Miiii))'.  iiml  < ( ii> , Klorhla.  Th*  <irdinatn  i*  thr  prrtiminary  prrdirtion  from  Fi|t.  100,  Th«  ab*c-ii>*a  AT  gjo 

ihr  ilifTro'in  i’  in  ili'i:r<'<'«  n-micrad*  mraaiiml  MNI  mil**  from  thr  frontal  rrfrrrnr*  pinnl  Inward  thr  norlhraat, 

aloii);  tilt'  linr  I'oiiiirrliii;:  t .inhoii.  Miliiir,  and  (><■**  C.ily,  Fhirida. 

1.  A >tfc|i  i)  iii|M  raiiir*-  orailii-iii  at  830  mb  to  the  noiiheast  of  tlie  frontal  reference  point  is  conducive 
to  large  HMitliward  (li‘-|ilar<'iiirnl  of  the  surface  wedge>firont. 

2.  A weak  tciiiiMTaiiirc  gratlii'iii  at  850  mb  to  the  northeast  of  the  lending  edge  of  the  wedge  is  coo* 
(Incite  to  *niull  Muilliward  diKplarement. 

.5.  Noriherh  (low  at  H.'dl  iiili  over  the  leading  edge  of  the  wedge  is  conducive  to  large  southward  dis> 
|daeemeiit  of  I he  surface  w edge-front. 

4.  Sotiilierlt  flow  at  K50  mb  over  the  leading  edge  of  the  wedge  is  conducive  to  snull  southward  dis- 
placement of  the  surface  wedge-front. 

The  transfer  of  these  subjective  observations  into  objective  parameters  was  aocomplisbed  in  the  fol- 
lowing manner: 
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1.  The  temperature  gradient  at  830  nib  was  meaaured  from  the  frontal  reference  point  600  milea  to- 
ward the  northeast  along  a line  connecting  Caribou,  Maine,  and  Cross  Oty,  Florida.  The  value 
obtained  from  this  o^ieration  will  be  referred  to  as  ATgjo. 

2.  The  height  difference  600  miles  west  and  600  miles  east  of  the  frontal  reference  point  at  830  mb  was 
measured  and  corrected  for  the  latitude.  The  values  obtained  from  this  operation  will  be  referred 
to  as  AZ  west  tfo  *nd  AZ  east  and  will  be  considered  positive  when  the  height  increases  as  we 
move  away  from  the  frontal  reference  point  »nd  negative  when  there  is  a decrease  in  height  away 
from  the  frontal  reference  point. 

The  AZ  values  are  utilized  in  a preliminary  forecasting  graph  shown  in  F'ig.  100.  The  result  obtained 
from  Fig.  100  is  plotted  as  the  ordinate  and  AT  ••  the  absr  issa  in  Fig.  101.  This  graph  gives  the  forecast 
speed  (in  miles  per  hour)  of  the  frontal  reference  point  for  30  hours  along  the  line  connecting  Caribou,  Maine, 
and  Cross  City,  Florida.  The  following  statistics  are  given  for  these  cases: 

1.  Thirty  wedge-front  situations  comprise  the  total  data  sample  for  the  period  November  1949  through 
March  1951. 

2.  There  were  insufficient  data  for  a representative  independent  check. 

3.  The  correlation  coefficient  between  observed  speeds  and  forecast  speeds  based  on  Fig.  101  is  .88 
for  the  dependent  data. 

4.  The  average  error  is  2.2  miles  per  hour. 

5.  The  maximum  error  is  8 miles  per  hour. 

6.  The  frequency  distribution  of  errors  in  the  30-hour  average  speed  for  3 miles  per  hour  increments 
is  given  below  for  the  dependent  data. 


Table  9. 


Error  mpb 
30  Hn 

No.  C*»e» 

Percent 

<>-2 

18 

60 

3-S 

10 

33.3 

6-8 

2 

6.7 

Catalog  of  cases  for  all  categories  of  surface  fronts  appears  in  Appendix  VII.  The  dependent  data 
samples  for  Category  I cold  fronts  and  Great  Plains  wedge-fronts  have  been  omitted  due  to  the  large  volume 
of  the  sample.  The  entire  data  sample  for  the  east  coast  wedge-front  is  included. 

On  the  fbllowiag  page  is  presented  a sample  workriieet. 
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WORK  SHEET  FOR  THE  EAST  COAST  WEDGE-FRONT 


DATE: 

TIME  850.mb  CHART: 

REOI'IREMENTS: 

1.  Front  mum  be  appmarhing  raM-we*l  a«  it  rmauie*  a line  enanaeting  Caribou,  Maine,  with  Croee  City,  Florida. 

2.  Surface  imibare  north  of  front  iihnuld  dioplay  an  eaalerly  component. 

DEVELOPMENT: 

1 . Conetrurt  a line  on  the  BSO.mb  chart  ctmnecting  Caribou,  Maine,  and  Croaa  City,  Florida. 

2.  Note  the  latitude  of  the  point  where  the  aurface  front  cToaiei  the  Caribou .Crou  City  line.  Thia  ia  the  frontal  reference 
point. 

3.  Meaaure  the  difference  in  height  between  the  frontal  reference  point  and  a point  600  atatute  milea  to  the  weat  and 

correct  thia  value  for  latitude.  The  corrected  value  ia  AZ  weat ..  . (If  the  height  increaaea  to 

the  weat.  the  . alue  ia  poaitive.  If  the  height  decreaaea  to  the  weat,  the  value  ia  negative.) 

4.  Meaaure  the  difference  in  height  between  the  frontal  reference  point  and  a point  600  milea  to  the  eaat.  Correct  thia 

value  for  latitude.  The  corrected  value  ia  AZ  eaat (If  the  height  increaaea  to  the  eaat,  the 

value  ia  poaitive.  If  the  height  decreaaea  to  the  eaat,  the  value  ia  negative.) 

5.  Meaaure  the  difference  in  temperature  in  degreea  Centigrade  from  the  frontal  reference  point  to  a point  600  milea  to 

the  northeaal  along  the  line  connecting  Caribou  and  Croaa  City.  Thia  value  ia  ATiso 

6.  With  the  valuea  from  operationa  3 and  4 enter  Fig.  100  for  a preliminary  prediction  value. 

7.  With  the  value  from  Fig.  100  and  t!.'..  ATgjo  obtained  from  operation  5 enter  Fig.  lOI  for  a final  apeed  forecact  in 
atatute  milea  per  hour. 

8.  Move  the  frontal  reference  point  with  the  apeed  indicated  from  Fig.  lOI  for  30  hoawa  along  the  line  connecting  Caribon 
and  Croaa  City. 
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APPENDIX  II.  Tabb  1.  CMitorr  I lydaiM  — atiffa  (CowMad) 


CaM  No. 

Ymt 

Data 

Maaitk 

TfaM  (EST) 

Bowal^ 

(Mgfai  of 
CfdoM 

46) 

11 

Dm 

1000 

18 

M 

47 

(ViaWty  RAP) 

12 

Dm 

2200 

30 

CG 

48 

(VfaWtr  XD) 

12 

Dae 

2200 

N 

GA 

49) 

17 

Dm 

2200 

36 

CA 

SO) 

18 

Dm 

1000 

24 

GA 

51) 

20 

Dm 

2200 

N 

GA 

52) 

21 

Dm 

1000 

N 

GA 

S3) 

24 

Dm 

2200 

N 

GA 

54) 

25 

Dm 

1000 

N 

GA 

55 

27 

Dm 

2200 

24 

CG 

56) 

1951 

25 

Jaa 

1000 

N 

GA 

57) 

25 

Im 

2200 

42 

GA 

58 

2 

Pab 

2200 

N 

GA 

59) 

7 

Pab 

2200 

30 

GA 

60) 

8 

Pab 

1000 

18 

GA 

61 

M 

Pab 

1000 

48 

GA 

62) 

21 

Mm 

2200 

N 

M 

63) 

22 

Mm 

1000 

N 

M 

6« 

24 

Mm 

2200 

30 

CC 

ParaailMau 

SgEi<p  €4tm  — fctf  • 

HW  ariilaal  r 

ralaaa  la  aaaaaab 

aa  ItAaaa  paaMaaa. 

N mcmftM  BMifttliM 

AbbrrtUiKMW  far  i.  < four  mHm  of  arfaia  an:  G*  — faraw  la  NW.U:  Maafk  fcaat  CaM  a(  Alaaka  <ralB)»i  N4  — Immt  hi  Itatll  aa«i<ta» 
•oath  ira«  Arviic  Circl.  M — ryrfaai  awrat  la  laiadi  CG  — aaaanatl?  fmt  tyaiaataaaa,  M atmttan4  aiMb  ainf  inaab  a*  aaahv  M. 
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Am  NIWX  II.  T«M»  2.  I *y€km»  -de*«lo|Mw«l 


i mr  N». 

lartaMit* 

(Mitraoi 

HSitmli 

T»«i 

lUM 

4 ■»rtniflli 

U) 

(kXrl 

«0 

(r» 

1 

8 

-5 

31 

» 

-(0) 

30 

S 

8 

0 

28 

4 

7 

— 2 

3S 

S 

0 

1 

32 

4 

(1) 

26 

7 

13 

» 

40 

8 

S 

1 

38 

4 

IS 

(0) 

3S 

10 

4 

-2 

31 

il 

-,-T 

1 

38 

13 

13 

0 

4S 

14 

_ 

(-3) 

— 

IS 

13 

38 

10 

11 

-4 

<40) 

17 

7 

<9 

— 4 

28 

18 

0 

(411 

W 

0 

0 

20 

20 

8 

0 

2S 

:i 

0 

-2 

2S 

22 

0 

3 

23 

23 

0 

31 

24 

4 

-7 

38 

2S 

to 

-3 

32 

30 

19 

-3 

32 

27 

9 

-4 

28 

21 

19 

-1 

30 

30 

• 

-9 

17 

30 

9 

9 

32 

31 

7 

9 

<)*•*  SO 

it 

9 

9 

24 

» 

* 

(-41 

30 

34 

7 

-9 

23 

» 

S 

-9 

38 

W 

t 

-2 

4S 

17 

14 

-8 

4& 

H 

13 

-4 

38 

m 

9 

-7 

33 

m 

S 

-8 

47 

m 

-t 

XI 

« 

9 

-1 

38 

m 

It 

•8 

83 

44 

4^ 

«r 

!*U«el 

SURr  2 

litMirw  Befiirr  Filling 
Artiial  F<iTM-ast 

(0 

(8) 

(h) 

(0 

(j) 

88 

S 4 

2.7 

36 

48 

23 

— 

2 9 

N 

— 

(30)  (w 

2 1 

2 3 

18 

18 

27 

3 1 

3 4 

24 

36 

14 

3 6 

3.2 

18 

36 

27 

2 1 

N 

— 

32 

S3 

3 3 

N 

N 

2t> 

0 7 

4 2 

18  ' 

30 

28 

S 2 

3 2 

N 

N 

29 

12 

2.7 

12 

18 

2tf 



4.2 

18 

— 

24 

S3 

>5 

N 

N 

— - 

— 

— 

. - 24 

— 

14 

S3 

4 2 

N 

N 

21 

7 0 

SO 

N 

N 

19 

S.4 

2 2 

48 

36 

(SS) 

4.7 

3 0 

36 

42 

II 

4 0 

O.S 

6 

12 

■ 2S 

3 0 

2 1 

30 

18 

18 

2.2 

2.1 

12 

12 

28 

0.8 

1.7 

18 

6 

24 

3 0 

3 0 

18 

30 

28 

4.2 

3.8 

N 

N 

(351 

9.0 

2.4 

N 

N 

19 

6.0 

3.3 

N 

N 

19 

5.7 

2.7 

36 

N 

19 

SO 

3.0 

N 

48 

7 

S 8 

0.0 

18 

18 

W 

4.0 

3.3 

24 

42 

(39) 

2.1 

4.2 

30 

36 

7 

2.S 

1.0 

12 

12 

17 

3.7 

3.9 

42 

36 

19 

S.O 

1.1 

18 

18 

14 

4 2 

4.2 

N 

N 

09) 

4.2 

4.9 

36 

N 

IS 

S.S 

4.8 

N 

N 

w 

s.s 

4.7 

N 

N 

IS 

4.7 

3.S 

N 

N 

19 

I.S 

>S.O 

N 

N 

SI 

3.0 

4.9 

N 

42 

Ml 

9.8 

2.S 

18 

12 

1* 

S.O 

2.9 

N 

42 

17 

4.2 

>S.9 

N 

N 

ZZRZ  fnicsisa: 
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APPENDIX  II.  Table  2 Caletpiry  I eydonaa  — deraiopment  (Coocluded) 


Inaubilily 

ContTMt 

SSOmb 

.4dvnrlivr 

Term 

Half 

Ubvelength 

Amptttude 

Slb(e  1 

Stage  2 

Honri  Beiore  Filliag 
Aetubl  ForecMt 

(b)(c) 

(d) 

(*) 

(1) 

(8) 

(b) 

(i) 

(j) 

9 

-2 

26 

SO 

4.6 

2.1 

30 

30 

7 

0 

28 

29 

2 1 

2.4 

18 

18 

2 

0 

38 

20 

1.1 

4.7 

30 

42 

11 

-2 

33 

29 

5 9 

2 8 

N 

N 

7 

-2 

32 

22 

3 0 

3 2 

36 

30 

S 

-S 

30 

24 

3 6 

2.8 

24 

30 

10 

1 

S3 

IS 

4 2 • 

3.5 

N 

48 

(HI 

-4 

36 

/ 9 

4 9 

3 3 

N 

N 

> 

-7 

S7 

21 

4.4 

4 4 

N 

N 

(Hi) 

-3 

37 

20 

5.8 

4.5 

N 

N 

6^. 

-7 

27 

11 

4.8 

2.0 

24 

30 

7 

-8 

27 

17 

5.7 

2.3 

N 

42 

10 

-6 

29 

17 

>7.0 

2.8 

42 

N 

11 

0 

33 

S 

5.0 

2.9 

N 

48 

18 

5 

33 

17 

3.7 

3 5 

SO 

42 

17 

-8 

36 

16 

3.5 

4 1 

18 

N 

12 

-S 

20 

4 

6.5 

0 0 

N 

18 

14 

-3 

37 

16 

5.5 

4.2 

N 

N 

12 

-II 

48 

17 

5.6 

>5  0 

N 

N 

9 

1 

SO 

14 

3.6 

2.9 

30 

30 

(•)  Sm  ApptnJIi  II  TaU*  I hr  4«m  of  caw*. 

(b)  Oaa>.aariia«i  kaa  |w^a4traU>  to  TW^b  tow  »rm  law  aaalar. 

(r)  Mattanm  laataMMlr  Ia4at  mwa  MWmm  laatoMHlr  laata.  Tha  aHawntai  it  alwa;t  wwarda  wwai  air  froar  iha  aiiniaiaBi. 

Id)  T vaiaaraiwra  al  pviai  <4  bmwa  Iraaal  al  laaMraeWr  apaad  «e<«ataar  atiawa  raatoaealata  at  low  aaalar,  at  SSQ  ab. 

(r)  Maararad  ia  dafraa  lalitada  al  TOT  ah  aloae  fha  eirafcl  trairiai  iha  low  aaalar  Imib  lha  rMfa  Kaa  waal  of  ibr  low  lo  tbr  iroafb  Kaa  aail. 
(I)  Mttimum  laiilada  diSiraaaa  of  tha  TOTab  aaaMar  ora  iba  law  kaa  Iba  rtfea  waa  of  iba  low  la  iW  waaeb  aaal. 

(f ) Saa  Fi«.  3b. 

(bl  Saa  ri(.  34. 

fi)  N •ifiviftM  Noa-fttnt  9yMm. 

(j)  tW  Compoail*  Grapk,  Fi(.  41. 

(k)  Sot  MiiMvd  ia  D«t«  MlMiiif.  BcitaMm  mmntlakk$. 

ifm)  !•  MT^aibMi*.  !Imm  4«««  EtiwMl—  omrrort. 
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APPKNUIX  V.  Table  t.  Cale(ury  III  cyck>aea  — orifina!  data  aample. 
(Data  in  parentheaea  eatimated.  and  believed  eorrerl) 


AT 

500-MB  l.F 

vi;i. 

1 

1 

Intrn* 

ilv 

Caae 

No. 

Date 

l/Oweat 

Ontral 

Preaaure 

Diatanca 
I'p-ConUNir 
to  NW  Flow 

Hai(ht  of 
Con  tear 
Ovar  Law 

Location 
of  Cloaeil 
Latw 

Half  H ave. 
Irnfith 
(<1) 

! 

/ 

(5>iiiii 
30.hr  <3a»it 
(e) 

(a) 

(b) 

(c) 

201 

1947 

21  Dec  lOOOE 

1012  mb 

450 



- 

10 

1 

m; 

202 

so  Dec  2200 

999 

183 

450  V1N« 

22 

16 

(29) 

i> 

203 

1948 

23  Feb  1000 

992 

178 

300  U 

25 

18 

14 

Nt; 

204 

26  Feb  2200 

998 

183 

too  S« 

It 

It 

24 

1) 

205 

3 Nov  1000 

996 

/ 

181 

-- 

15 

10 

16 

1) 

206 

17  Not  1000 

998 

183 

15 

It 

22 

1) 

207 

26  Nov  2200 

1002 

575 

— 

12 

14 

Nr. 

200 

11  Dec  1000 

994 

— 

171 

17 

12 

15 

NC 

209 

1949 

1 Jan  1000 

998 

175 

500  Nil 

12 

13 

16 

NC 

210 

10  Feb  2200 

994 

176 

700  W 

16 

20 

21 

NC 

211 

20  Mar  1000 

996 

184 

16 

15 

16 

NC 

212 

10  Nov  1000 

998 

Mi 

179 

— 

22 

6 

18 

213 

9 Dec  22(K) 

990 

3 - 

178 

— 

(20) 

16 

24 

D 

214 

15  Dec  2200 

l(H)2 

i 900 

— 

— 

... 

14 

13 

NC 

215 

18  Dec  2200 

1002 

‘ 550 

— 

— 

_ 

14 

11 

NC 

216 

24  Dec  1000 

996 

_ . 

177 

15 

20 

16 

NC 

217 

1950 

7 Jan  2200 

1008 

>1200 

— 

_ 

— 

12 

T 

FT 

218 

9 Jan  1000 

994 

— 

178 

— 

15 

16 

36 

D 

219 

11  Jan  1000 

1002 

1200 

— 

— 

— 

14 

T 

FT 

220 

14  Jan  1000 

994 

— 

175 

650  NV 

18 

24 

24 

NC 

221 

11  Feb  1000 

1002 

750 





10 

10 

NC 

222 

5 Mar  2200 

990 

— 

182 

— 

12 

22 

33 

D 

223 

11  Mar  2200 

998 

— 

183 

— 

37 

20 

T 

FT 

224 

25  Mar  2200 

980 

— 

182 

— 

22 

22 

28 

D 

225 

1 Dec  1000 

996 

— 

179 

— 

(18) 

12 

15 

NC 

226 

1 Dec  2200 

996 

184 



18 

11 

13 

NC 

227 

5 Dec  1000 

1006 

500 

— 

— 

— 

9 

10 

NC 

228 

31  Dec  1000 

994 

— 

178 

— 

13 

16 

12 

NC 

229 

1951 

IJan  1000 

999 

— 

183 

500  WNW 

27 

10 

12 

NC 

210 

15  Jan  2200 

982 

— 

171 

— 

15 

24 

17 

F 

231 

29  Jan  1000 

1008 

950 

..w- 



19 

13 

F 

232 

29  Jan  2200 

1004 

675 

— 

— 

21 

14 

F 

233 

10  Feb  2200 

1002 

>1200 

— 

— 

... 

14 

T 

FT 

234 

18  Feb  1000 

1002 

1000 

— 

— 

13 

T 

FT 

235 

19  Feb  1000 

1006 

550 

— 

400  W 

— 

10 

20 

D 

236 

5 Mar  1000 

990 

175 

24 

19 

T 

FT 

m 

9 Mar  1000 

1002 

1000 

— 

— 

17 

9 

r 

231 

15  Mar  8300 

984 

— 

178 

... 

12 

85 

80 

F 

m 

16  Mar  8800 

994 

waaw 

183 

— 

11 

13 

17 

NC 

la  arilti,  upalnaak  eaeal^  la  eaaioHr  iroatb  aaal  a4  erthMM. 

<1  af  Imi. 

laadlaalt»eieydanaiaeleaadlOB.aMiloa.  Ohaadan  Mlaalad. 

■ l»  dwtaaa  ^hdWjla  *y»  nwMfc  mu  rflaw  laiMla  ^ aaai  afaaa  laiha^  liaa  ibrae^  law  anHar. 
lailaawihi  ¥ ft  -t  itaaeii  *— *'  " * — *- 
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APPENDIX  V.  I'iil»tr2.  ('oiilmt  |*r«iu|i  ilalii  ( ‘.alrgitf  y III  ryrioiirii. 
(I lain  in  mid  |>rlirv«uj  f*<»rr«*<*t) 


AT  VH).MH  M VIJ. 


|.4»Hrnt 

7(N)*fiil* 

1 nU‘  y 

No.  (g) 

Dalr 

( >iilral 

1 >t«Uii€*r 

! Ilri^hl  iiC 

1 4M'atioii 

lllalf  Wavr- 

( ^mnt 

l*rr*aMirr 

i Contour 

4lf  1 .|(»M*d 

Irngib 

iOdir 

ClaiM 

t.>  N«  l-'l.m 

i Krr  l.4»%b 

l^>w 

(d) 

(ef 

(«) 

(b) 

(.■) 

2-«>l 

1951  21 

Nov  lotMiK 

1<N^  mb 

>12(H* 

10 

1 

rr 

2-UJ 

21 

Niiv  22IMI 

1(M)6 

>I2»H» 

10 

1 

n 

242 

I>IM-  KKMI 

9*»5 

179 

23 

13 

23 

1) 

243 

18 

l>rr  22<MI 

176 

7(MI  .\\l 

15 

24 

12 

V 

244 

19 

lire  1000 

990 

177 

7(MI  NVl 

20 

20 

12 

K 

245 

19 

IW  2200 

99t 

179 

26 

15 

19 

NC 

246] 

23 

lire  22<m 

1010 

MMI 

10 

9 

NC 

247 

24 

lire  KMMI 

KNI8 

9(MI 

- 

13 

11 

NC 

248 

30 

Drr  lOCN) 

9<U 

174 

23 

16 

20 

NC 

249 

1952  7 

Jan  KMO 

1002 

9(M) 

11 

9 

NC 

2.50 

13 

Jan  2200 

994 

180 

22 

15 

24 

I) 

251 

, 

20 

Jan  2200 

996 

178 

16 

20 

25 

t) 

252, 

21 

Jan  1000 

996 

179 

14 

19 

25 

I) 

2531 

•1 

Krb  KMM) 

998 

1K3 

15 

15 

12 

NC 

254j 

•> 

KrI.  2200 

992 

182 

20 

18 

11 

F 

255) 

Krli  22(N) 

1*KM) 

7<H* 

8<H)  NVl 

13 

22 

D 

256j 

^ 18 

Krb  l(NM) 

9<»‘> 

182 

18 

17 

19 

NC 

257 

21 

Krb  22(MI 

1010 

WM) 

8 

T 

vr 

258 

•1 

Mar  1*MM) 

*W<| 

180 

SIM)  NW 

30 

11 

14 

NC 

259 

8 

Mar  IIMNI 

ilNIH 

KMMI 

64MI  « NW 

-- 

i 

14 

D 

2(i0 

8 

Mar  22(M> 

998 

184 

6IMI  Xl  NW 

(2«) 

10 

13 

NC 

261 J 

9 

Mar  IIMH) 

996 

182 

5(M)  v;  SH 

20 

11 

23 

1) 

262 

11 

Mar  22(M) 

9<8I 

178 

blMl)  N W 

. 15 

22 

19 

NC 

263 

13 

Mar  22(NI 

1002 

4<M) 

— 

10 

r 

rr 

2fri 

17 

Mar  22(N) 

99-1 

180 

3(M)  NVl 

15 

14 

16 

NC 

265 

19 

Mar  221NI 

KMM 

>1200 





' 8 

T 

266 

20 

Mar  1000 

(1000) 

400 

•SIM)  NW 

12 

15 

NC 

267j 

2 

Mar  22(N> 

999 

183 

500  NW 

25 

13 

20 

D 

(•).  (b).  (r),  (d),  (r)  «•  fiir  preredint  labk. 

(|)  Stirt»Mi«e  of  Ihv  Mine  r^'rluii*  mtw  r<NiNd«r«4  ind^fieiNlent  and  art  r«»nampd  nilh  brarkel. 


I7K 


API*KNI)IX  VI.  Oulu,  (!ttt(‘|'ory  IV 


l)«li*  I'imr  j'*** 

MIW 

liiilUl 

Inten- 

Ma*. 

liitcn- 

5<NI  mb 
><liar|i. 

'rrni|i. 

IIMNI 

5INI 

Tcni|>. 

HfiO 

AiKrrl. 

8.50 

Trni|>. 

.''Icrr- 

iiip 

.10  br. 
Dir. 

,30.hr 

oily 

aity 

.NVl 

Fai'lur 

Farlt»r 

F actor 

7lM)  nib 

Nov  I*)*I7 

4 22IM» 

43 

0 

10 

220 

10 

7 

16 

1 

78 

35 

10 

14  221 K) 

30 

14 

15 

780 

15 

0 

2 0 

4 

21 

.53 

17 

Dec  1947 

2 22<M) 

4« 

14 

16 

420 

16 

3 

3 0 

7 

(>8 

60 

32 

7 KNM) 

42 

17 

27 

520 

12 

0 

5 6 

0 

55 

54 

32 

14  22«H> 

30 

11 

20 

1530 

15 

4 

0 8 

10 

20 

.30 

17 

15  l(N)0 

35 

15 

22 

lOUl 

19 

9 

2 6 

10 

0 

.35 

U> 

3fl  104K) 

U 

12 

1«V 

1140 

20 

0 

o o 

14 

66 

75 

22 

Jan  19U< 

3 1000 

42 

12 

330 

13 

1 

5 5 

- 7 

90 

98 

25 

1 1 KKM) 

42 

18 

21 

400 

7 

6 

4 3 

- 5 

.50 

60 

35 

15  2200 

45 

21 

22 

080 

6 

3 

7 6 

o 

68 

57 

24 

Feb  194K 

12  1000 

31 

9 

14 

1150 

18 

4 3 

21 

42 

31 

28 

12  22IK) 

35 

H 

21 

1480 

10 

4 

0 6 

20 

.30 

11 

38 

13  KMMI 

30 

12 

23 

1810 

17 

8 

4 0 

26 

42 

It 

.50 

Mar  l*n« 

15  KHH) 

40 

11 

18 

5(MI 

12 

5 

2 1 

8 

62 

.>6 

43 

IH  22tHt 

3M 

12 

2t 

7(K( 

10 

6 

3 0 

8 

16 

:>o 

55 

20  2i’(k» 

4<> 

11 

13 

720 

18 

-3 

1 2 

0 

67 

H7 

26  ItMM) 

12 

10 

24 

780 

10 

5 

5 1 

17 

51 

1.3 

26  22(N» 

12 

10 

24 

780 

8 

8 

4 1 

16 

45» 

To 

tl 

31  IIMNI 

42 

18 

10 

720 

15 

5 

11 

13 

8 

20 

.32 

Nov  low 

1 22<Mi 

36 

10 

12 

580 

6 

1 

1.6 

— 

18 

17 

15 

11 

2 lIMM) 

36 

12 

12 

510 

7 

- 1 

5 3 

0 

17 

13 

4 22<K( 

41 

18 

25 

1120 

12 

3 

2 8 

l.s 

•» 

25 

1 t 

« 22(M» 

..  41 

0 

17 

1300 

18 

3 

1 4 

10 

16 

.30 

25 

25  22(H» 

\ 47 

9 

14 

420 

6 

1.2 

^ *3 

25 

* SCO  mb 

4 1 

I'lm..  «rf 

thil***  of  ibe  appor  Irvrl  rbort. 
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Al’I’KNDlX  VI.  Ilata,  Catrgory  IV  I'Vt'loiira.  '<  loiiliiiiK'ii 


liiiliiil 

Ma&. 

.i(N)  iiilt 

Sharp. 

Trni|i. 

5(H) 

Hr>o 

«5o 

Strr.r- 

KHH) 

IVmp. 

'IVriifi. 

il'j; 

nitv 

Mtv 

NW 

Fart4ir 

Farlor 

Factor 

mil 

30.hr. 

Spred 


Jan  1940 
1 7 22(H) 

IK  l(HH) 
27  KHH) 

Krh  1949 
7 22(H) 

K KHH) 
23  22(H) 


Mar  1949 
24  KHH) 
26  KHH) 
26  22(H) 

.Not  1949 
II  22UO 
24  KHH) 


Dw  1949 
6 KHH) 
21  KHH) 

26  22(H) 

27  KHH) 

Jan  1050 
5 22(H) 

0 220') 
17  KHH) 

Fell  10.50 
8 KHH) 
8 22(H) 

10  22(H) 

21  22(H) 

24  KHH) 


Mar  19.50 

II 

KHH) 

19 

KHH) 

19 

22(H) 

27 

2200 

37 

1770 

IK 

2 

3 0 . 

15 

10 

24 

48 

36 

12 

37 

1210 

24 

K 

2.6 

20 

35 

32 

55 

37 

17 

2.5 

1140 

12 

11 

3.4 

20 

47 

43 

4-1 

II 

20 

7M) 

17 

15 

6 5 

7 

;>K 

33 

47 

14 

20 

570 

13 

8 

2 9 

9 

KO 

38 

45 

15 

21 

310 

8 

6 

11.0 

1 

67 

a.'i 

24 

41 

21 

1120 

7 

10 

6 3 

13 

:r> 

29 

40 

14 

16 

1210 

aS 

1 

3 0 

12 

.a 

31 

42 

15 

17 

10^40 

6 

7 6 

8 

hi) 

37 

38 

II 

17 

980 

9 

4 

2.8 

II 

31 

37 

2.5 

41 

17 

17 

12.50 

16 

- 3 

5.0 

- 8 

6f> 

74 

32 

(2 

16 

19 

2'H) 

16 

1.7 

— 

73 

1 1 

33 

37 

13 

20 

1.3.50 

18 

4 1 

19 

.37 

37 

37 

.39 

4 

24 

11)20 

21) 

•> 

3.5 

9 

5(1 

it 

40 

45 

14 

24 

IKiO 

18 

14 

6.4 

9 

42 

57 

37 

36 

8 

16 

1170 

25 

7 

It 

IK 

53 

59 

38 

44 

15 

.3  4 

61U) 

20 

11 

10.1 

16 

54 

.54 

40 

43 

16 

27 

.320 

21 

(» 

11.2 

18 

74 

66 

48 

.38 

II 

17 

.3.50 

16 

5 

3.5 

1 

57 

56 

4.3 

42 

17 

1') 

2W) 

13 

6 

2.  I 

- 1 

<H) 

<H) 

40 

47 

13 

1.3 

840 

— 7 

2 3 

1 

‘•62 

75 

25 

.37 

13 

16 

670 

16 

3 

6 0 

5 

(>8 

54 

30 

43 

15 

23 

1260 

12 

3 

13.2 

7 

65 

63 

26 

42 

II 

12 

520 

14 

11 

2.9 

IS 

78 

75 

45 

36 

12 

12 

9.50 

2 

- 5 

4 6 

6 

17 

45 

13 

37 

11 

II 

670 

S 

- 4 

2.4 

3 

49 

14 

47 

18 

21 

9(H) 

8 

5 

3 7 

11 

42 

35 

Tinta  ara  ihuaa  of  iIm  appor  lava)  clmla. 
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AI*i‘KNI)IX  VI,  Data,  ('alKKncy  IV  rycloDM.  (( iimliiiiifil ) 


Dale/Timr  , 

l,ow 


Initial 

Mai. 

5(MI  mb 
Sharp. 

Temp. 

500 

850 

850 

Steer- 

Inlen- 

Inten- 

KMIO 

Temp. 

AcIvect. 

Temp. 

in* 

aity 

aily 

NW 

Factor 

Fart€>r 

Factor 

700  mb 

30.hr. 


Nov  1950 

I 1000 

45 

13 

15 

3 1000 

34 

9 

18 

15  lOtMl 

42 

14 

25 

15  2200 

45 

21 

25 

19  2200 

40 

21 

25 

Dec  1950 

2 1000 

44 

13 

14 

370 

17 

10 

2 0 

1410 

19 

1 

5 8 

420 

17 

12 

6 8 

580 

17 

12 

5 9 

640 

25 

6 

6.9 

870 

15 

4 

2.2 

12 

62 

68 

32 

15 

44 

42 

23 

«/y' 

52 

56 

27 

7 

48 

58 

26 

10 

48 

46 

40 

16 

57 

48 

15 

Jan  I9SI 


o 

2200 

36 

10 

17 

1310 

II 

3 

<4 

7 

47 

44 

34 

3 

1000 

41 

13 

23 

990 

17 

12 

3 1 

10 

36 

57 

37 

3 

2200 

44 

16 

23 

930 

28 

14 

5 0 

15 

49 

66 

39 

5 

2200 

41 

11 

12 

590 

18 

7 3 

5 

70 

69 

46 

6 

2200 

34 

10 

20 

840 

15 

5 

8 7 

14 

65 

56 

47 

7 

1000 

37 

14 

22 

1210 

14 

9 

5 8 

17 

.56 

47 

41 

10 

1000 

37 

10 

10 

640 

7 

3 

4.7 

4 

66 

58 

41 

13 

2200 

35 

12 

22 

1180 

14 

9 

3 0 

6 

50 

47 

36 

14 

1000 

37 

14 

25 

1140 

17 

6 

3 7 

6 

45 

50 

40 

14 

2200 

43 

16 

25 

1070 

17 

12 

1 0 

•* 

49 

57 

32 

19 

2200 

37 

13 

23 

570 

22 

9 

2 6 

9 

70 

55 

40 

20 

1000 

41 

21 

26 

9<i0 

17 

14 

8 7 

16 

55 

57 

41 

27 

2200 

35 

9 

12 

590 

22 

0 

4 6 

6 

77 

58 

42 

Feb  1951 


1 

1000 

41 

20 

20 

1520 

25 

15 

5.4 

31 

37 

49 

45 

15 

1000 

32 

6 

12 

84t) 

6 

0 

2 6 

II 

4 

4 

27 

25 

2200 

43 

12 

24 

440 

IS 

14 

13 

9 

33 

65 

25 

28 

1000 

41 

21 

21 

430 

15 

IS 

3 9 

6 

43 

60 

27 

Mar  1951 

• 

2 

2200 

41 

17 

26 

760 

19 

19 

6 6 

16 

47 

38 

32 

11 

1000 

34 

11 

11 

340 

IS 

0 

5.7 

3 

55 

65 

II 

17 

1000 

37 

14 

21 

■ 920 

14 

-2 

4 4 

10 

52 

22 

23 

17 

2200 

38 

14 

22 

1120 

15 

1 

3 0 

11 

27 

0 

25 

18 

1000 

43 

21 

22 

1130 

14 

2 

S3 

12 

0 

0 

17 

23 

1000 

.40 

21 

24 

670 

14 

6 

9 1 

8 

55 

53 

27 

28 

2200 

39 

13 

IS 

880 

12 

1 

2.7 

10 

26 

25 

13 

Tiam  era  iImm  al  tW  ana**  cbaHa 


APPENDIX  VI.  Data,  Catflgorj  IV  cyclonn.  (Conrliiilrcl) 


Datr  Time 


Not  1Q51 

5 2200 

13  1000 

15  2200 

25  2200 

Dec  1951 
3 1000 

8 1000 
8 2200 
U 1000 
20  1000 

Jan  1952 

7 2200 
9 IIHK) 

15  1000 

18  2200 
19  1000 

27  2200 

Feb  1952 
3 2200 

6 2200 

8 1000 

13  1000 

19  lOOO 

26  1000 

29  1000 

29  2200 

Mar  1952 
3 1000 

10  1000 
18  1000 
21  2200 
22  2200 
25  1000 

25  2200 

31  1000 


Ut. 

I.OW 

Initial 

Inten- 

•ity 

Mai. 

Inlan- 

aity 

500  mb 
Sharp. 

Temp. 

1000 

NW 

500 

Temp. 

Factor 

850 

Adrect. 

Factor 

850 

Temp. 

Factor 

Steer- 

in* 

700  mb 

30-hr. 

Dir. 

30-hr. 

Speed 

33 

13 

18 

720 

17 

0 

1.8 

6 

62 

29 

26 

42 

18 

27 

1010 

12 

13 

2.5 

10 

25 

28 

13 

36 

11 

14 

730 

20 

4 

4.9 

14 

57 

56 

42 

43 

15 

27 

920 

18 

-4 

3.2 

-1 

55 

70 

35 

46 

21 

24 

750 

11 

7 

4.2 

7 

SO 

45 

24 

32 

9 

11 

1000 

24 

9 

2.8 

14 

40 

51 

56 

39 

9 

17 

780 

20 

4 

1.5 

20 

54 

65 

45 

37 

18 

23 

970 

30 

2 

6 5 

9 

62 

60 

S3 

36 

14 

19 

1390 

16 

-2 

3.2 

19 

62 

45 

33 

41 

14 

14 

430 

10 

7 

3.1 

-2 

59 

60 

23 

34 

7 

22 

650 

24 

3 

7.3 

9 

48 

72 

43 

'47 

19 

23 

510 

18 

7 

4.0 

2 

67 

72 

35 

40 

17 

20 

630 

13 

7 

2.1 

3 

65 

10 

45 

41 

17 

21 

660 

10 

10 

4.4 

3 

56 

62 

40 

31 

9 

20 

820 

19 

7 

2.9 

6 

60 

53 

57 

10 

14 

770 

10 

2 

2.2 

7 

50 

42 

34 

h 

8 

13 

750 

7 

-7 

1.8 

1 

77 

78 

31 

42 

20 

2u 

S'O 

15 

-8 

6.8 

-4 

66 

74 

41 

37 

11 

11 

850 

8 

5 

4.8 

4 

43* 

ilia 

iUa 

42 

20 

20 

460 

19 

5 

5.2 

8 

33* 

62 

16 

30 

11 

26 

1320 

18 

6 

3.2 

12 

60 

49 

37 

35 

14 

25 

370 

23 

-1 

11.5 

3 

68 

70 

47 

36 

18 

24 

510 

22 

0 

5.6 

5 

62 

60 

40 

37 

13 

20 

920 

17 

5 

2.1 

12 

46* 

52 

32 

35 

18 

29 

1300 

20 

8 

4.6 

2 

32 

52 

89 

39 

19 

19 

1400 

9 

9 

3.3 

5 

0* 

89 

25 

36 

13 

25 

1390 

22 

13 

3.0 

16 

49 

7 

22 

41 

21 

26 

1320 

16 

18 

7.5 

19 

25* 

36 

17 

39 

6 

7 

1020 

5 

1 

14 

3 

64 

62 

80 

41 

7 

7 

790 

6 

0 

0.6 

3 

57 

46 

26 

40 

8 

20 

470 

14 

8 

1.9 

4 

55 

85 

27 

•tWab 
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\ VII.  Talilr  I.  ( !iitulof>  for  < !atrj;iirv  I Hiirfarr  rolil  front* 
iiiilr|H-iulriil  ilula  (,'>J  roiii|Mitutioiis). 


r>»te 

Time 

l.ateral 

Frontal 

Keferenoe 

1‘oint 

tleo«tro|ihio 
inil 
7(H). mb 

(>e<Mitrn|>hir 

(a>m|M>nent 

7tMt-mb 

'rhermal 

l>i*t. 

Forecaat 

Speed 

Obaereed 

Speed 

2 Deo  50 

lOOOE 

37 

47 

22 

1500 

13 

17 

33 

37 

18 

900 

17 

21 

2 Dec  50 

2200F. 

41 

55 

20 

950 

17 

17 

36 

37 

17 

800 

17 

23 

28 

28 

19 

600 

20 

25 

5 Dec  50 

2200F, 

40 

25 

14 

204) 

20 

17 

33 

25 

19 

354) 

23 

22 

27 

48 

30 

300 

32 

24 

9 Dec  50 

lOOOK 

31 

45 

37 

•too 

36 

29 

11  Dec  50 

lOOOF 

33 

30 

30 

300 

32 

20 

30 

25 

21 

654) 

21 

11 

15  Dee  50 

lOOOE 

41 

50 

40 

350 

37 

35 

36 

45 

40 

200 

38 

35 

31 

25 

15 

450 

18 

13 

31  Dec  50 

2200E 

42 

37 

20 

1500 

11 

10 

5 Jan  51 

2200E 

36 

35 

15 

300 

20 

17 

6 Jan  51 

220OF. 

33 

46 

30 

500 

30 

30 

30 

40 

25 

500 

27 

26 

9 Jan  51 

2200F 

33 

36 

25 

450 

27 

27 

19  Jan  51 

2200F. 

41 

48 

12 

500 

15 

22 

37 

38 

It 

500 

17 

22 

20  Jan  51 

lOOOF 

38 

55 

30 

450 

30 

30 

34 

48 

22 

500 

2t 

25 

23  Jan  51 

lOOOE 

42 

37 

33 

400 

.33 

25 

37 

37 

34 

1.50 

.36 

25 

31 

35 

23 

400 

26 

20 

28  Jan  51 

2200E 

39 

Wl 

,5 

1200 

4 

9 

34 

35 

5 

1200 

4 

9 

30 

22 

0 

1200 

0 

9 

1 Feb  51 

lOOOE 

37 

80 

•14) 

t.50 

22 

25 

33 

65 

.36 

600 

26 

18 

30 

40 

22 

600 

23 

17 

6 Feb  51 

lOOOE 

41 

35 

31 

300 

33 

33 

37 

35 

27 

350 

30 

33 

26 

38 

.33 

500 

32 

39 

12  Feb  51 

lOOOE 

46 

48 

l‘» 

800 

13 

12 

39 

34 

0 

400 

8 

10 

13  Feb  51 

lOOOE 

37 

■3(t 

0 

500 

7 

7 

19  Feb  51 

2200K 

30 

25 

17 

400 

21 

25 

3 Mar  51 

2200E 

40 

70 

55 

850 

30 

30 

35 

40 

20 

850 

19 

)5 

30 

30 

0 

450 

7 

8 

6 Mar  51 

2200E 

41 

37 

26 

300 

29 

30 

40 

35 

13 

8.50 

13 

12 

17  Mar  51 

2200E 

36 

45 

20 

1500 

11 

11 

1 Nor  50 

lOOOE 

39 

48 

25 

1500 

15 

14 

35 

30 

12 

1504) 

5 

9 

3 Noe  50 

2200E 

33 

45 

26 

804) 

25 

27 

26 

30 

23 

500 

25 

26 

15  Noe  50 

lOOOE 

37 

48 

2t 

5.54) 

25 

20 

34 

4t 

18 

1IK)4) 

15 

16 

16  Noe  50 

lOOOE 

42 

.50 

44) 

950 

30 

25 

36 

50 

9A 

aCA 

lii't 


\rn  M)i\  \ii.  ( ..lai-.j;  i..i  i • '4it«L'"rs  < , 

iiHir|M-iiiiriit  tiiliu  tJH  ranrHi. 


M.itr 
2\  Nov  . 

>1 

1 1 IlK 

JJOO  (■ 

I Htt  ral 
1'  r«>iital 
Krf«Tfnr»- 
Toiiit 

North 
1 J 

W.-( 

II 

V 

|o 

1 or 

'!»  .-.I 

1 t 

1 r\ 

■'O'  • 

No\  , 

, » 

JJOOl 

u 

1 1 

1 

(1 

7 

- 

N..4  :,i 

JJOOl- 

1(> 

It 

1 

1 7 

1 1 

JO  l*.v  :.i 

loi  ml 

.iJ 

K. 

1 J 

jj  It.-. 

ll 

JJIHII 

.r, 

1 : 

J 

IJ  3 

1 V 

[ , 

;u  l).  .- , 

.1 

JJ«HI| 

.i.i 

I'l 

1. 

II 

1 7 

1 Jiin  .'> 

J 

IlHMil 

,n 

II 

t 

t 

(> 

!' 

J Jjii  .'> 

.) 

llHHil 

; 

.3 

1 

.1 

'1 

10  Jail  ■> 

J 

JJIHII 

Ui 

III 

II 

IJ 

r, 

l.l 

12  Jai,  : 

J 

liNHil 

3 

- 1 

,, 

0 

II 

lO  Jail  ."i 

ll 

JJ'HII 

w 

IJ 

- H 

jj; 

J1 

J 1 

1 7 Jan  .'i 

J 

JJIHlI 

:u 

- 1 

— 7> 

^ J 

0 

II 

l*<  Jan  .'> 

J 

JJIHih. 

H 

III 

•» 

0 

JJ  Jan  .'iJ 

IIHNil 

•»  ^ 
k i 

Jo 

II 

2t' 

Jl 

I'l 

J .'i  Jan  ,’> 

I'MMlK 

:to  .'i 

<1 

- 1 

10 

<1 

I) 

J'l  J.in 

JJOOl 

.1(1 

IJ 

1 

IJ 

l.'i 

1 7 

J(i  Jan  1 

J 

IIMNlt- 

■ij 

1(1 

H 

- J 

17 

1'. 

Jli  Jan  ’• 

2 

JJIMll 

J.'I 

111 

l.l 

J 

Jl 

J7 

-7  Jan 

- 

IlMHil 

:i,'i 

1 t 

l.'i 

r> 

IJ 

1 1 

« 1 .1, 

J 

lINNil 

,ij  .‘i 

1 J . ,'i 

-•J 

0 

t 

1 

1 1 111, 

J 

JJiail- 

■I'l  .-) 

IJ 

III 

_ •> 

111 

1.3 

J7  l ilt. 

1 

JJiHll 

:i7  ,'i 

IH 

- 13  .1 

1. 

JH  I .-1. 

2 

liaml 

;i.') 

IH 

- 10 

•J 

Ill 

1 1 

J'l  r.  i, 

IIHHil 

31  :> 

l.'i 

.> 

(I 

10 

IJ 

It  Mar 

JJIMll 

31 

(■ 

- .3 

- lit 

1 

l.'i 

Mar 

loool  ■ 

.1(1 

IH 

IJ 

6 

Jl 

1': 

JO  Mar 

t2 

JJIMll- 

:ij 

3 

It 

1.3 

1 1 

J7  Mar  .'iJ 

lIHMil, 

J'l 

1,') 

-3 

3 

10 

uu 


Al‘ri-  M)l\  VII.  'I'alili*  3.  f«»r  Grrat  IMuiiit*  \»r«lpr*froiiln  rliMM*(i  low  ra»#*ii 

iii(lt’|)<*ii<lrnt  (lata  (30  caKra). 


nmr 

Time 

l ateral  Kroiilal 
Heferriice  I’oiiit 

< Iverlay  Sjieeil 

Oliaerveil  Sjieed 

1 N..V  SI 

KNIOI 

26 

15 

20 

4 N«n  SI 

221HIK 

34 

21 

22 

S Nov  SI 

KXMiK 

31 

32 

28 

IS  Nov  SI 

1(MK)K 

31  5 

31 

25 

20  Nov  51 

22«HlK 

45.5 

17 

20 

21  Nov  51 

1(MM)K 

41 

12 

14 

22  Nov  51 

KHHIK. 

35 

8 

8 

23  Nov  51 

1(KK)E 

32 

11 

4 

13  Dfc  51 

2200K. 

36 

32 

39 

24  !)«•  51 

22(X)K 

35 

24 

21 

30  Dec  51 

lOlKlE 

43 

14 

21 

30  Dee  51 

221H)K. 

39 

16 

15 

31  Dec  51 

KHIOK 

.'7.5 

25 

16 

1 Jan  52 

22(K1E 

28.5 

19 

9 

11  Jan  52 

lOOOE 

43 

5 

10 

11  Jan  52 

2200E 

42 

6 

4 

21  Jan  52 

lOOOE 

37,5 

25 

28 

21  Jan  52 

22WE 

32.5 

23 

27 

14  Kell  52 

lOOOE 

31 

24 

22 

24  Keh  52 

KMMIE 

34 

31 

28 

24  Kell  52 

22<K)E 

29 

32 

.3<t 

28  Kell  52 

220<iK. 

34 

24 

19 

29  Kell  52 

2200K. 

m * 

4 

0 

2 Mar  52 

2200K. 

33  5 

28 

30 

3 Mar  52 

10(K)K, 

32  5 

28 

36 

8 Mar  52 

2200K, 

34 

26 

20 

19  Mar  52 

2200E 

35  5 

12 

3 

20  Mar  52 

KMNIE 

34 

17 

6 

20  Mar  52 

2200E 

34 

21 

20 

21  Mar  52 

lOOOE 

34 

30 

30 

I Hr. 


N|)|\  \||  I .ililr  I,  < fnl  iM-I  rM.i-.!  « < l;.'f‘.frnn  Im  <|r|M*n<|r||  I '(iit.l  ( .‘JO  raHT*). 


I atiT.il 


1 

1 illlr 

1 rmilal 
lli-l.'ri-iiri* 

I’liiiil 

w.-t 

1 

It.'.ll 

1 ..rcra.t 
^[»-<m1 

< )l»wr*  »•*! 
Sjm-imI 

Ill  Nii>  >•' 

L’.’iMii; 

It 

- (.11 

10 

17 

1.1 

1 ^ 

11  N..\  J'l 

IIIIKlI- 

tJ 

- .Ill 

|(MI 

17 

l(> 

10 

1 1 N,.>  1') 

III 

.!.’> 

- 7(» 

17 

1 t I).  . I'l 

IIMIII)' 

■til 

Ill 

10 

- 

1 J |).T  t't 

JJIII'l 

:iii 

INI 

iU) 

10 

II 

"• 

1 Jiiti 

liNNII 

:i7 

- 110 

70 

.S 

>1 

0 

1 1 J.ui  :.ii 

IIMIIII 

.12 

-till 

- 10 

111 

1 

II 

IM  .1.111  .’>11 

llJiHlI 

.17 

III 

70 

2.1 

20 

1 '*  J.1II  ’>11 

IIMHil'. 

.!  ’>  .’> 

INI 

7.> 

2>> 

20 

■:o 

1'*  Jiiti  .’>11 

H.’IIOl'; 

.1.^  ."> 

(N) 

(Nl 

20 

l<J 

11 .1  J.II1  .’>*' 

IIMMIK 
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